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INTRODUCTION 


The intimate nature of the EEG epilepti- 
form paroxysmal patterns (‘‘sharp waves’’ or 
“‘spikes’’) is still undetermined. These elec- 
trical events are commonly considered the 
expression of hypersynchronous activity of 
unitary elements but no crucial evidence exists 


to support this assumption. The work to be 
presented here was carried out in an attempt 
to investigate this problem. 


Epileptic foci were produced experimen- 
tally on the gyrus suprasylvian of cat by 
means of local applications of different con- 
vulsant drugs (strychnine, penicillin, curare, 


ete.). The development of paroxysmal dis- 
charges * was monitored with a routine sur- 
face electrode and, upon their appearance, a 
systematic survey of the behavior of the 
various units within the different layers of 
the nearby cortex was carried out by means of 
Tungsten microelectrodes (Hubel 1957). A 
similar method was applied in a few exper- 
iments in which paroxysmal discharges were 
elicited following intravenous administration 
of different drugs. 


1 Presented at the meeting of the American EEG 
Society, Atlantic City, June 1958. 

2 Deceased. 

3In order to avoid confusion, the word ‘‘spike’’ 
will not be used to describe EEG changes. These will 
be referred to as ‘‘slow EEG events’’ or ‘‘EEG 
(paroxysmal) discharges’’ or ‘‘surface discharge’’. 


METHOD 


Several thousands of units were recorded and 
analyzed in 29 experiments carried out on cats. Anes- 
thesia having been induced with Nembutal i.p., the 
animals were then tracheotomized, a vein in the fore- 
limb was inecanulated and the head held in place in a 
stereotaxic instrument. A small area of the skull, 
just above the middle suprasylvian gyrus, was opened 
on both sides (homologous areas). At the beginning 
the dura was opened only on one side, while on the 
other it was kept intact until late, in the second part 
of the experiment, when either a different drug or 
the same drug in a different hemisphere was studied. 
(In these cases, in order to avoid ‘‘projected’’ dis- 
turbances and to eliminate the previously epilepto- 
genic area, the latter was surgically removed.) In 
order to drain the cranial fluid continuously through- 
out the experiment and thus establish a better stabil- 
ity of the brain, a small posterior fossa craniectomy 
was performed, and the dura and arachnoid were 
opened just above the 4th ventricle. After the sur- 
gical preparation was achieved, small doses of d- 
tubocurarine were given intravenously and the animal 
kept under artificial respiration. At that time, most 
of the effect of the barbiturates had disappeared, 
at least judging from the behavior of the spontaneous 
electrical activity of the brain. 

Tungsten microelectrodes, prepared with the meth- 
od of Hubel 1957, were used. Their resistance varied 
between 2 and 5 megohms at 10 ke. The electrode 
was mounted in a 27 gauge hypodermic needle attach- 
ed to a 10 ee. hypodermic syringe and connected with 
the input of a cathode follower (Bak 1958). The 
simple hydraulic system was manipulated by 1 ce. 
Tuberculin syringe. Electrodes for EEG were placed 
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on the cortical surface nearby (approximately 1 mm.) 
to the place where the microelectrode had been intro- 
duced and consisted of small silver wire. Recording 
was monopolar (the grounded frame of the stereo- 
taxic instrument being used as ‘‘indifferent’’). When 
found necessary, the preparation was kept in a 
shielded cage. The microelectrode was inserted in a 
perpendicular direction approximately in the middle 
portion of the middle suprasylvian gyrus. The poten- 
tials recorded from the microelectrode, as well as 
those from the cortical electrodes were amplified 
through type 122 Tektronix amplifiers, and then dis- 
played on a dual beam type 333 Dumont cathode ray 
oscillograph. In all the following illustrations the 
upper beam is used for the surface EEG and the lower 
beam for the microelectrode recording. Generally, 
the time constant for the microelectrode was kept 
very low (.008 sec.), however, in some experiments, 
the longest available (1 sec.) was used. 

The following drugs were employed to produce 
epileptiform discharges: Penicillin (aqueous Squibb) 
(1,000,000 units/ee.). This was applied in amounts 
ranging from .025 ce. to .05 ee. by injection within 
the cortex at approximately 1 mm. depth or by local 
surface application. Strychnine: applied in the form 
of a small crystal left in place for'a few minutes. 
Curare: (d-tubocurarine Squibb) applied in the form 
of a small drop, or a small piece of filter paper soaked 
in it, on the cortical surface. Metrazol: (.1 g/cc.) 
was applied either locally (.025 to .05 ee.) or, diluted 
50 per cent with distilled water, intravenously. The 
latter injection was given very slowly and _ inter- 
rupted when the first epileptic discharges would ap- 
pear on the scope. Chlorambucil (CB 1348): this 
drug, similar to nitrogen mustard, has been studied 
by Pradhan and Green 1958, and has the property, 
once injected into the blood stream, to produce after 
20-40 min., convulsions and typical EEG discharges, 
generally bilaterally synchronous, and at times rather 
suggestive of idiopathic epilepsy. Effective doses are 
20 mg/kg. dissolved in a few drops of absolute alcohol 
and 1 ee. of distilled water. 

The general procedure consisted of a slow, careful 
survey of approximately 15-20 tracts near the epilepto- 
genic area, and almost always in the suprasylvian 
gyrus (a few experiments were also carried out on 
the gyrus lateralis) on both hemispheres. This survey 
started a few minutes before the application of the 
drug, or before its injection, in order to evaluate the 
‘‘spontaneous’’ activity of the various elements, but 
particular emphasis is placed on the behavior of the 
unit after the epileptogenic effects have appeared in 
the gross surface electrodes. 


RESULTS 
Although the paroxysmal discharges are, 
in general, very characteristic and easily re- 
cognizable, a definite variability is always 


present in their morphological pattern, as well 
as in their amplitude, duration and polarity, 
whether they are induced by the same drug 
and recorded at different intervals after the 
onset of the effect, or whether they are in- 
duced by different drugs. By continuous 
recording it was possible to study the behavior 
of a large number of units firing in ecoin- 
cidence with a relatively stable and constant 
type of surface discharge, and, respectively, 
to compare the behavior of the units in the 
same or different placements for several types 
of EEG discharges. 


A. General pattern of wnit activity. The 
large majority of unit impulses were re- 
corded extracellularly. Their amplitudes 
vary from 0.5 up to 10 or more mV. If one 
uses the accepted criterion of uniformity in 
amplitude to determine the presence of one 
single unit, with the type of microelectrode 
used, it was possible to record with almost 
equal chances, the activity of either a single or 
two or more units simultaneously. 

In the absence of an EEG paroxysmal 
discharge, the rate of firing shows a wide 
range of variability: units are found which 
fire very rarely (once every 10-15 sec.), or 
more frequently, but without any rhythmical 
character; which fire rhythmically around 
10-15/see. or faster, and which fire very 
rapidly or extremely rapidly (up to 500/sec.). 
The last group, and possibly the last two 
groups are the expression of ‘‘injury’’ and 
this assumption is confirmed by the fact that 
such a type of unit usually cannot be ‘‘held”’ 
longer than 10-30 sec. The firing then stops 
either suddenly or progressively through 
slowing of the frequency or slowing of the 
frequency plus progressive decrease in am- 
plitude. 

These different unit behaviors are prob- 
ably unrelated to any given epileptogenic 
effect. Similar patterns have, in fact, been 
described by most of the authors who have 
studied the spontaneous cortical activity with 
microelectrodes. We, ourselves, did not note 
any significant difference when recording 
before or after the application of the drug 
on the cortex in the intervals free of par- 
oxysms, except for the fact that a larger 
number of active units are found in the 
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‘‘enileptogenic’’ than in the non-epileptogenic 
cortex. Unit firing may be seen beginning at 
the depth of approximately 200 microns down 
to the depth of approximately 2 mm. At the 
present stage of research, we have no in- 
formation to state whether the various spikes 
recorded are the expression of activity in 
soma, axons or dendrites. 


placement: the most common firing pattern 
of these units consists of a sudden burst of 
generally high frequency spikes (fig. 1, 2, 6, 
8, 9, 10). The frequency may be as high as 
500/see. or more, but both frequency and 
burst duration are variable. The relationship 
between paroxysmal EEG discharge and 
other units is indicated by their constant spike 


Fig. 1 
Various examples, from different experiments, showing onset of unit activit} shortly before 
or in early phases of EEG paroxysmal discharge. 


B. General relationship between unit activ- 
ity and EEG discharges. A certain number 
of units are found which do not alter their 
rate of firing and keep their random or 
rhythmical pattern, regardless of the pres- 
ence or absence of an EEG discharge, thereby 
showing no obvious correlation with this 
event. The large majority of EEG discharges, 
however, have a definite relationship with the 
activity of the units recordable at any given 


synchronization with one phase of the former 
without any tendeney to burst organization, 
there being only a single or 2 or 3 spikes in 
coincidence with the discharge (fig. 3, 10B). 

The behavior of the above-described units 
which was originally characterized by a rela- 
tively high frequency of firing in the absence 
of an EEG discharge (regardless of whether 
this is the expression of injury or not) is 
rather constant: in all instances in which such 
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a pattern was encountered, a sudden inter- 
ruption of firing takes place in coincidence 
with the paroxysmal discharge, usually last- 
ing for the entire duration of the surface event 
(fig. 3B, E, 4, 5, 6). On some occasions this 
interruption outlasts for a few fractions of 
a second, the EEG discharge, and on rare 
occasions it precedes it for a brief period of 
time. This interruption usually takes place 
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suddently without any change in pattern (fig. 
4) while in other instances it is preceded by 
some visible changes, such as an increase in 
frequency (fig. 5), a decrease in amplitude 
(fig. 5D, E), or is accompanied by the selec- 
tive synchronization of a different unit (fig. 
6). It is interesting to note that in the few 
instances in which a rhythmical, rapid firing 
is present which seems to involve 2 or more 


Fig. 2 
Various examples, from different experiments, showing unit activity characterized mainly 


by ‘‘afterdischarge’’ which outlasts the slow EEG event. 


Note that the firing after the 


end of the EEG paroxysm may be from the same unit(s) (B, D, E) or from unit(s) 
different (H) than those activated in coincidence with it (see also fig. 8). 
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Fig. 3 
Various microelectrode placements, same experiments. (See text.) 
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units, all the unit firings can be interrupted, 
in coincidence with the paroxysmal EEG dis- 
charge (fig. 4J) while in other cases only one 
is selectively interrupted. 
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paroxysmal EEG discharge (and this was by 
far the most common ease) (fig. 2A, C, E, 
6A, D, 7A, 8E) or selectively only the spikes 
of one unit show a synchronization with, or 


Fig. 5 
Same phenomenon as in figure 4, but accompanied by changes in amplitude and frequency. 


‘‘Injury’’ discharges in C, D and E. 


In the case of coexistence of activities of 
more than one unit in the same microelectrode 
placement, their behavior is the following: 
either there is marked synchronization of all 
the unit firings in coincidence with the 


some effect related to the EEG discharge, 
while those of the other unit are apparently 
unaffected. The same unaffected unit, how- 
ever, may show preferential synchronization 
with a different type of EEG discharge in 


Fig. 4 
Various examples, from different experiments, showing high frequency, rhythmical unit 


firing interrupted in coincidence with EEG paroxysmal events. 


D, F, G, I, and J. 


‘*Injury’’ discharges in 
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those cases in which more than one type of 
paroxysmal event is present alternatively on 
the surface (fig. 3D). In summary, it is safe 
to state that the two most characteristic fea- 
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already mentioned, in those cases in which a 
given element is characterized by rhythmical 
high frequency firing in ‘‘resting’’ condi. 
tions, the most common pattern in coincidence 
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Fig. 6 


Various examples of co-existence of different units. 


With the microelectrode in a given 


position, the firing of one type of unit(s) is inhibited; that of the other is, instead, 
activated in coincidence with the paroxysmal EEG event. 


tures of unit behavior in coincidence with an 
EEG discharge are the paroxysmal appear- 
ance of high frequency bursts, together with 
a marked tendency toward synchronization of 
a very large number of different units. This 
hypersynchrony is not absolute because, as 


with the EEG discharge is an arrest, either 
temporary or permanent of the firing itself. 

C. Detailed relationship between unit dis- 
charges and EEG paroxysmal event. We 
have mentioned already that both frequency 
and duration of the spike bursts may vary 
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and this is true for the same or different units 
and for different as well as apparently 
similiar EEG discharges. Certain units show 
a tendency to fire as an ‘‘afterdischarge’’ 
with starts at, or persists after the end of the 
surface paroxysmal event (fig. 1B, 2, 6B, D) 
either in the absence or in the presence (fig. 
8) of a corresponding EEG after-effect (see 
Ralston 1958). Others are consistently ac- 
tivated before the EEG discharge itself or in 
its very early phase (fig. 1, 8C, G). 

In those instances in which the paroxysmal 
surface event remains constant enough to 
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a given placement and for a given unit in that 
placement, the firing pattern of that unit 
and its time relationship with a given phase 
of the EEG event tend to remain constant 
(fig. 1A, C, F, 2D, 6A). When in the same 
electrode placement, spikes from two or more 
units are recorded, their firing is either syn- 
chronized and related to the entire course 
or to a given phase of the EEG discharge (fig. 
2A, 7A, 8E), or alternatively the synchroni- 
zation is not absolute and one unit may fire 
preferentially in correspondence with a given 
phase, while the others fire during different 
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Fig. 7 ; 


Same microelectrode placement. 


A. At least three different units are active in coincidence with a complex, multiphasic EEG 


discharge. 


B. (Few seconds after A). The activity of only one unit is seen. 


corresponding EEG discharge. 


allow the survey of a large number of units, 
it is evident that these can fire synchronously 
with practically any portion of it. In a given 
placement one unit may fire immediately pre- 
ceding it; in another placement in the early 
positive phase, in still another placement the 
high frequency burst is synchronous with the 
major negative phase and elsewhere with the 
late phase of the discharge, or it may appear, 
as mentioned, in the form of ‘‘afterdis- 
charge’’. Although some variations in the 
pattern may exist, it is also apparent that for 


Note simpler shape of 


phases of the same discharge (fig. 2H, 7A, 9A, 
B, 10A-D). In analogy to what precedes, the 
synchronized bursts of high frequency spikes 
of a single unit may show a modulation in 
frequency very often constantly repeated and 
with a clear-cut time relationship with at 
least two different phases of the EEG dis- 
charge (fig. 8G) ; while in other instances the 
burst, characterizing the firing of the same 
unit, tends to be ‘‘split’’ into two or more 
bursts, each synchronous with a given phase 
of the slow discharge (fig. 1A, E, 8C, G, 9C). 
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Fig. 8 


Various examples of EEG ‘‘afterdischarges’’ with corresponding unit behavior. In A and B 
different units are activated during the main EEG discharge and during the following after- 
effect. In D, for that given microelectrode placement, units are only active during the main 
EEG event. Apparently the same type or unit(s) are firing during the entire EEG discharge 
in C, E, G. (See also fig. 2.) 
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In those instances in which the various 
paroxysmal EEG discharges show a more or 
less marked variation in their morphology, 
amplitude and polarity, the behavior of the 
unit or units is usually also variable (fig. 3A, 
D, E, 4B, G, 10). A demonstrative instance 
of this phenomenon is shown (fig. 7) in which 
a given pattern of synchronization of three 
different types of units accompanies a com- 
plex multiphasic EEG discharge (A), while 
a few seconds later, the same discharge be- 
ing, however, less complex in its morphology, 
only one unit is seen to fire (B). In this 
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D. Topographical distribution of the uni- 
tary elements. The method used does not 
permit a very accurate localization within a 
given cortical layer. However, in a certain 
number of experiments, particular care was 
applied to systematically determine the elec- 
trode positions relative to a rigid frame while 
surveying a large number of units firing in 
coincidence with an EEG discharge. (This 
was carried out when using only 2 drugs; 
namely, strychnine and penicillin, while no 
information was obtained for the other locally 
applied drugs or for the intravenous admi- 
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Various examples of paroxysmal discharges elicited by local application of curare. 


Same 


experiment, four different microelectrode placements. Note variable relationships of different 
unit(s) firings with various phases of EEG discharge. 


particular example, the same pattern was 
repeated again with an alternating character, 
therefore confirming that the changes were 
not coincidental or due to displacement of 
the microelectrode. 

In all the experiments and with different 
drugs, we never noticed any change in the 
amplitude or in the form of the spikes of a 
given unit (except in damaged elements) re- 
lated to the EEG discharge, the most char- 
acteristic changes being rate of firing, burst 
organization, and tendency toward synchro- 
nization. 


nistration.) A certain difference in the topo- 
graphical behavior was noted between the 
effect of penicillin on the one hand, and 
strychnine on the other (fig. 11). Although 
in both cases most of the units are found at 
the depth of 350-2000 microns, with the former 
(EK, F, G,), they are in a relatively restricted 
area (probably including layers V and VI), 
activated units being very rare or totally ab- 
sent more superficially. With local applica- 
tion of strychnine instead (A, B, C, D) syn- 
ehronized unit firings are found in a much 
wider area; namely, between 250 and 2100 
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microns. In general, however, the topogra- 
phical distribution of the active units is rather 
variable and although a certain trend may 
be apparent in a given experiment, this trend 
ean not be confirmed in the subsequent ones, 
and, in fact, at times completely different 
trends were noted. Thus, in fig. 11B the loca- 
tion of the activated units has no fixed pat- 
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strychnine discharge, a similar systematic sur- 
vey shows that synchronized unit firings ap- 
pear deeper and deeper, and, that respectively, 
units are no longer activated in the more 
superficial layers in the later surveys. Still 
in another experiment (fig. 11D), an almost 
opposite trend is noted in the sense that soon 
after the application of the drug, the units in 


PENICILLIN 


sas units unrelated 
: to EEG discharges 


units synchronous with 
or |interrupted in correspondence 
to EEG discharge 


units with high frequency burst 
pottern in correspondence 
to EEG discharge 


Se es a 


Fig. 11 
Plotting of the firing patterns of various unitary elements found in the survey of 33 needle 
tracts with the approximate depth levels (in microns) at which these elements were recorded 
in coincidence with the surface EEG discharges elicited by cortical application of strychnine 
(A, B, C, D) and penicillin (E, F, G). See text. 


*In this survey the firing of units unrelated to the EEG discharges was not plotted. 


tern: these are seen superficially (about 300 
microns) as well as rather deep (down to 
2100 microns), and this behavior does not 
change significantly in relation to the time of 
the survey (needle tract No. 4 following 
about 2 hours after needle tract No. 1). In 
another experiment, instead (fig. 11C), along 
with the progressive development of the 


the deepest layers (1200-2100 microns) seem 
to be preferentially activated, while during 
the progressive survey, elements located more 
and more superficially fire synchronously 
with the EEG discharge. 

We did not notice any particular topo- 
graphical distribution among the elements 
characterized by a given behavior pattern in 


Fig. 10 
Various examples of paroxysmal discharges elicited by intravenous injection of chlorambucil. 
Note (1) ‘‘build-up’’ phenomenon (A, B, C, D and H); 
(2) constant temporal relationship in the firing of two different units (A, B, C, D); 
(3) correlation between firing of a given unit and shape of the slow EEG discharge 
in the same microelectrode placement (I) (however activation of other units is 
visible in a different microelectrode placement (K, L) in correspondence to the 


same EEG discharge). 
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relation to the slow EEG event, and in partic- 
ular, we could not confirm the findings of Li 
(1955), concerning the preferential distribu- 
tion (depth) of his type II units whose behav- 
ior is characterized by interruption of repeti- 
tive firing. Possibly there was some indication 
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In regard to the temporal relationship of 
the activity of a given unit with the various 
phases of the slow EEG discharge and the 
topography of the units themselves, a fairly 
high variability was found (see fig. 12). In 
the case of paroxysms elicited with both 
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Fig. 12 


A. Outline of a typical ‘‘strychnine spike’’ as commonly recorded from the cortical surface. 
The number of impulses and the rate of firing of all the unitary elements encountered in 
one needle tract survey are plotted in relation to their temporal relationship with the 
various phases of the surface discharge. (This series was selected at random out of one 
experiment, using as the only criterion, for the selection, the relative uniformity in 
shape of the strychnine discharge.) Each dot corresponds to one impulse and for each 
level in the depth (in microns), 4 countings were carried out and all 4 were plotted: 
thus, the height of a dot gives a relative indication of how constant is the temporal 
relationship of firing. The width of each dot indicates very high frequency firing of 
3 or more impulses. 

B. Same as A but different plotting display to indicate relative number of impulses in 
relation to various depths and to various phases of surface strychnine discharge. Note 
slightly different arrangement of depth levels. 


that unitary elements showing the character- 
istic tendency of firing with high frequency 
bursts were more commonly located in rela- 
tively deeper layers than other units which 
would fire synchronously with the slow EEG 
discharge but with only one or two spikes. 


strychnine and penicillin, the units which fire 
before, or very early, in relation to the EEG 
discharge, are generally more numerous in the 
depth (VI layer ?); however, too many ex- 
ceptions are seen to permit a definite state- 
ment. 
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E. Analogies among the effects of the 
various drugs. In view of the fact that the 
various paroxysmal EEG discharges were 
rather variable in the same experiment, at 
different times following the local application 
of the drug, and in different experiments with 
the same drug, it is difficult to make a state- 
ment concerning the features of EEG dis- 
charges for a given drug, and, on the whole, 
one has the impression that no pattern is 
definitely characteristic. On the other hand, 
the behavior of the unit is comparable, regard- 
less of the type of drug used to elicit the epi- 
leptogenic pattern: the two main characters 
(high frequency burst organization and tend- 
ency toward synchronization of a large num- 
ber of units) are present with all the drugs 
used in this series of experiments (see i.e. an 
example of curare discharges in fig. 9). Be- 
sides the above mentioned ‘‘topographical’’ 
differences between strychnine and penicillin, 
no significant discrepancies are noted when 
various convulsant drugs are applied locally 
on the cortical surface. 


Possibly one feature differentiates local 
from systemic effects. When the drug (in our 
case either Metrazol or chlorambucil) is ad- 
ministered intravenously a characteristic phe- 
nomenon, which may be described as a ‘‘ build- 
up’’, is often present (see fig. 10A-D, H). 
The paroxysmal EEG discharges tend to ap- 
pear in rhythmical repetitive groups while the 
correspondingly activated units fire in bursts 
of progressively longer duration. 


F. Interaction between unitary elements. 
The existence of a mutual interaction between 
the activities of two or more different types 
of units (whether recorded simultaneously 
from the same or from different electrode 
placements) is strongly suggested by the fol- 
lowing findings: (a) the relationship between 
two unit firings may remain strikingly con- 
stant with a characteristic temporal relation- 
ship (i.e., one always preceding the other) 
(fig. 1OA-D) ; (0) two or more elements may 
fire with a rate which is exactly similar, or 
harmonically related, to each other (fig. 4J, 
7A); (c) the above described phenomenon of 
unit afterdischarge, when the afterdischarge 
itself results from activation of a unit dif- 
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ferent from that firing during the main por- 
tion of the slow EEG event (fig. 2H) : in these 
cases the relationship between the two is quite 
constant; (d) the phenomenon of interruption 
of a rhythmically firing unit. This, as men- 
tioned, always takes place at the very begin- 
ning of the paroxysmal EEG discharge; in 
view of the fact that the same discharge is 
always ‘‘accompanied’’ by the firing of nu- 
merous other units of a different type (see 
Le. fig. 3A, B, C), these may be assumed to 
exert their effect upon the rhythmically firing 
elements. This assumption is further sub- 
stantiated by the observation that, when it is 
possible to record simultaneously from the 
same microelectrode placement, two or more 
units, the interruption of the firing in one, 
occurs together with the appearance of a 
hypersynchronous burst of different elements 
(fig. 6D). 


DISCUSSION 


The problem which is the object of the 
present study, was first approached exper- 
imentally in 1939 by Adrian and Moruzzi. 
Since then, and in particular in recent years, 
it has been tackled by a number of investiga- 
tors (Baumgartner 1954; Baumgartner and 
Jung 1955 ; von Baumgarten and Shaefer 1957 ; 
Buser and Albe-Fessard 1955; Jung 1953, 
1955, 1957 ; Li 1955 ; Moruzzi 1952, 1953, 1955; 
Thomas et al. 1955; Ward et al. 1955, 1956, 
etc.). There seems to be almost general agree- 
ment (Buser and Albe-Fessard being the only 
exception) on the two most common characters 
of the epileptic activation of single units; 
namely, increase in frequency firing, general- 
ly in bursts of variable duration, and tend- 
eney toward synchronization of the activity 
of a large number of units. Our results pro- 
vide further confirmation of these findings. 
Thus, as stated by Jasper in 1940, ‘‘hyper- 
synchrony characterizes the convulsive behav- 
ior of neuronal masses’’ and as subsequently 
implied by many other authors, among which 
are Bremer (1941) and Moruzzi (1953), we 
now possess definite evidence that the elec- 
troencephalographic epileptiform discharges 
(‘‘EEG spikes’’) are actually the expression 
of a neuronal hypersynchrony. Although such 
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hypersynchronization is not absolute in the 
strict sense of the word, as already suggested 
by Li (1955), unit discharges, apparently not 
affected by the epileptic activation, are rather 
exceptional and represent a minority in the 
behavior of the various thousands of units 
investigated. For this reason we feel that the 
eharacter of ‘‘hypersynchrony’’ of action is 
a definitely outstanding feature in the epilep- 
tic units and, very likely, in the physiopatho- 
logical substrate of the EEG epileptiform dis- 
charge. 


In addition to units whose firing is ap- 
parently unrelated to the development or the 
occurrence of the paroxysmal surface dis- 
charge, another group of units was found 
whose epileptic behavior can be defined, for 
descriptive purposes, as ‘‘negative’’. These 
are the units which tend to fire repetitively 
at a very high frequency and often rhythm- 
ically, in the absence of any visible paroxysms 
(units of the second type of Li, 1955), and 
their firing is temporarily interrupted with 
the occurrence of such paroxysms. Buser and 
Albe-Fessard (1955) have also emphasized 
this unit behavior and consider it, in fact, the 
most common one in ‘‘econvulsive’’ units. We 
believe that these are not necessarily morpho- 
logically different types of elements, but are 
elements in a particular functional condition. 
The fact that the phenomenon of ‘‘interrup- 
tion’’ was constantly observed in every in- 
stance in which the rapid firing was reason- 
ably due to injury could be extended by the 
implication that such a phenomenon always 
takes place when some damage, though not 
necessarily irreversible, has occurred in the 
nerve cell. This damage would manifest it- 
self with a critical state of membrane polar- 
ization such that any ‘‘influence’’ suddenly 
producing a hyperpolarization or, alternative- 
ly, an excess of depolarization (Granit and 
Phillips 1956a, b), determines firing inhibi- 
tion. 

When the behavior of a given unit was 
followed for various minutes, it was observed 
at times that at the beginning it was firing 
with the usual characteristic pattern (syn- 
chronized high frequency bursts) in coinci- 


dence with the EEG discharge. Then, without 
obvious reason, the same unit would start fir- 
ing rapidly at relatively high frequency but 
now, with a new EEG discharge, its spon- 
taneous firing suddenly stops. This observa- 
tion (also reported by Buser and Albe-Fes- 
sard, loc. cit., p. 8345) confirms that a funce- 
tionally abnormal state more than its struc- 
tural characteristics, determines the behavior 
of an element in correspondence with the EEG 
event. Neighboring units, more than the slow 
surface discharge per se, are very likely the 
source of this ‘‘influence’’, either by exerting 
a direct inhibitory effect upon that given 
element or by producing the above mentioned 
excess of depolarization, both resulting in an 
arrest of activity very similar to the ‘‘inactiva- 
tion’’ of Granit and Phillips (1956). 


This assumption is supported not only by 
the findings reported in the last section of 
‘*Results’’ but also by the fact that in pre- 
sence of two different types of EEG dis- 
charges, interruption may occur in coinci- 
dence with only one type of discharge (see 
fig. 3). This is true regardless of the ampli- 
tude of the EEG events, and in the case shown 
in figure 3, HE, only the low voltage paroxysmal 
discharge has this effect. As spikes from dif- 
ferent units may accompany different types 
of slow EEG events (fig. 3D), the action of 
the former seems to be more pertinent than 
that of the latter. In addition, as mentioned 
above, we have also observed that the sudden 
inactivation of a previously firing element 
corresponds to the high frequency burst of 
spikes of one or more different units, and 
these two phenomena can be recorded at times 
through the same placement of the micro- 
electrode (see fig. 6). This observation, to- 
gether with others reported in the last section 
of ‘‘Results’’ confirm the findings of previous 
authors (Baumgartner and Jung 1955; von 
Baumgarten and Shaefer 1957) which empha- 
size the mutual interrelationship and reci- 
procal influence of neighboring cells. The 
role of extra-synaptic (‘‘ephaptic’’) spread 
in such a phenomenon is strongly suggested 
by the presence of a massive hypersynchroniza- 
tion taking place throughout the entire cor- 
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tical thickness; a number of observations (see 
ie. fig. 1OA-D), however, indicate that pro- 
pagation mediated by nervous paths also plays 
a significant role. 

In regard to the more detailed relationship 
between the slow EEG discharge and the unit 
behavior, it is commonly stated that the firing 
takes place in coincidence with the surface 
negative wave. This statement is made by 
most of the authors with the exception of 
Jung (1953), who emphasizes the variability 
encountered when surveying the behavior of 
units in different layers of the cortex. In the 
light of the present results, we feel that unit 
action may and does take place in correspond- 
ence with any phase of the EEG discharge. 
It is interesting to note, however, that for a 
given electrode placement and for a given 
unit, the time course of its firing and the 
pattern of relationship with the whole of the 
slow event or with a given phase of it tend 
to remain quite constant. This finding lends 
itself to at least two alternative assumptions: 
(a) the complexity of a given EEG discharge 
(form, amplitude, polarity, ete.) depends upon 
location, pattern of firing and number of 
active units; or (b) each phase of the slow 
EEG event selectively activates determined 
units. The first is in agreement with McCul- 
loch’s findings (1949) indicating that certain 
types of cells in a given layer of the cortex 
would be ‘‘responsible’’ for a given phase 
of the surface discharge. 

On the other hand, one could rephrase 
these assumptions. Having established the 
existence of an almost one to one correlation 
between phases of the slow EEG discharge 
and firing patterns of a large number of units, 
what produces what ? Are we dealing purely 
with impulses secondary to the slow EEG 
event, whatever its intimate nature may be, or 
is the latter a direct result of this unitary 
activity ? By studying the temporal relation- 
ship of the activity of many elements with a 
given EEG discharge one finds units firing 
in the late phase of the slow EEG event, as 
well as in the very early stages, or preceding 
it. If one attempts to visualize the general 
behavior of the various elements during the 


development of a paroxysmal discharge by 
plotting all the different firing patterns 
through the cortical thickness (see fig. 12 A, 
B) the result is a continuous synchronized 
activity just preceding and continuing after 
the end of the EEG discharge with maximal 
firing it its ‘‘middle’’. Therefore, while there 
is no doubt that relationships exist between 
complexity, amplitude and morphology of the 
slow paroxysms and patterns of firing of the 
various units, we cannot answer the question 
of ‘‘what produces what’’. 


Local cortical application of a convulsant 
drug is accompanied by ‘‘activation”’ of ele- 
ments scattered throughout the whole cortical 
extent in that area (see fig. 12). Although a 
detailed topographical study was not attempt- 
ed in the present series of experiments, it is 
safe to state that in the very superficial layers 
firing units are present but rare while they 
are definitely predominant in the deeper (and 
very likely fifth and sixth) layers. It is of 
interest to note that the large majority of 
units characterized by an early firing in coin- 
cidence with the EEG discharge or by a firing 
apparently preceding the discharge itself, are 
concentrated within the same deep layers. As 
already mentioned, no characteristic topo- 
graphical distribution was found in regard 
to the pattern of firing. The rare units show- 
ing no definite relationship, in their activity, 
with a slow EEG discharge were scattered 
throughout the extent of the cortex and this 
was also true for [Iii’s type II units. 


We have described in section E of ‘‘Re- 
sults’? what we consider to be a differential 
pattern in the unit behavior when the con- 
vulsant drug, instead of being locally applied, 
is administered intravenously. The character- 
istic ‘‘build-up’’ phenomenon observed in 
these experimental conditions (fig. 10A-D, H) 
is rather reminiscent of the pattern described 
by Li et al. (1956), in their laminar micro- 
electrode analysis of the ‘‘recruiting’’ re- 
sponse. It is possible that it represents a mode 
of secondary unit activation, therefore, in- 
directly confirming the belief that the drugs 
investigated (Metrazol, chlorambucil) would 
act primarily upon subcortical structures and 
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probably upon the non-specific brain stem 
systems. 

In conclusion, the functional substrate of 
an epileptic disorder in the cerebral cortex is 
a sudden reiterative depolarization of a large 
number of units with resulting high frequency 
bursts of variable duration. In our expe- 
rience, and contrary to the statement of Buser 
and Albe-Fessard (1955), this is the most 
eommon pattern. This activation of elements 
located either. close to, or at a certain distance 
from, the convulsant agent is strictly related 
to the development of the EEG epileptic dis- 
charges. The number of units activated at a 
certain moment, their firing pattern, their 
location and their temporal interrelationship 
are also closely related to, if not responsible 
for, the final shape, amplitude and polarity 
of the slow EEG event. 


SUMMARY 


1. Epileptogenice foci were elicited in the 
suprasylvian (parietal) gyrus of unanesthe- 
tized cats by means of local application of dif- 
ferent drugs (strychnine, penicillin, curare, 
Metrazol). 

2. The paroxysmal EEG discharges were 
simultaneously monitored, from their early 
development, with routine cortical electrodes 
and with tungsten microelectrodes. 


3. The activity of one or of several units 
from a given microelectrode placement and 
of a large number of units from different 
placements through the cortical layers was 
correlated with the paroxysmal EEG dis- 
charge. 

4. The most characteristic pattern of unit 
behavior, in coincidence with the EEG parox- 
ysmal event, is a burst of high frequency 
spikes; other units may fire only one or two 
spikes and occasionally units are found which 
are apparently unaffected during the EEG 
discharges. The activity of ‘‘injured’’ ele- 
ments as well as that of elements characterized 
by high frequency repetitive firing in the 
absence of EEG paroxysms, suddenly stops 
when the latter occur. 

5. Hypersynechrony of firing of a large 
number of unitary elements, though not strict- 


ly absolute, is another characteristic feature 
of epileptic activation. 

6. There exists a close correlation between 
morphology of the slow EEG discharge and 
firing pattern of given units. 

7. These various findings together with 
the topographical distribution of active units 
within the cortex are analyzed and discussed. 


RESUME 


1. Des foyers épileptogénes ont été établis 
chez des chats non-anesthésiés au niveau de la 
circonvolution suprasylvienne par 1’applica- 
tion locale de différentes substances chimiques 
(strychnine, pénicilline, curare, Cardiazol). 

2. Les décharges paroxystiques électroen- 
céphalographiques ont été enregistrées dés 
leur apparition et simultanément par des élec- 
trodes corticales classiques et par des micro- 
électrodes en tungsténe. 

3. La ecorrélation a été faite entre la dé- 
charge d’une ou de plusieurs cellules nerveu- 
ses enregistrées 4 partir d’une position donnée 
de la microélectrode ou d’un grand nombre 
de décharges cellulaires enregistrées a plu- 
sieurs endroits a travers le cortex cérébral, et 
les décharges paroxystiques électroencéphalo- 
graphiques. 

4. Le comportement cellulaire le plus ea- 
ractéristique coincidant avec la décharge élec- 
troencéphalographique paroxystique est 1’ap- 
parition d’une volée de pointes 4 haute fré- 
quence; mais on trouve aussi des cellules qui, 
a ce moment, ne déchargent qu’une ou deux 
fois et méme, de temps a autre, on rencontre 
des cellules qui ne semblent avoir aucune rela- 
tion avec les paroxysmes électroencéphalogra- 
phiques. L’activité des éléments qui ont été 
lésés ainsi que celle des éléments qui déchar- 
gent spontanément a haute fréquence sans 
qu’il y ait de paroxysmes électroencéphalogra- 
phiques s’arréte brusquement quand ces pa- 
roxysmes apparaissent. 

dD. L’activation épileptique est caractéri- 
sée en plus par une hypersynchronisation des 
décharges d’un grand nombre de eellules. Ceci 
n’est pourtant pas une régle absolue. 


6. Il y a une corrélation assez étroite entre 
la morphologie des décharges électroencépha- 


l- 
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lographiques lentes et le comportement des 
eellules étudiées. 

7. Une analyse et discussion sont faites 
des différents résultats et de la distribution 
topographique des cellules actives dans 1’écor- 
ee cérébrale. 


ZUSAMMENFASSUNG 


1. Krampfherde wurden erzeugt im Gyrus 
suprasylvius (Parietalregion) der unnarko- 
tisierten Katze durch lokale Applikation von 
verschiedenen Medikamenten (Strychnin, Pe- 
nizillin, Curare, Kardiazol). 

2. Paroxysmale  elektroenzephalographi- 
sche Entladungen wurden gleichzeitig mit 


gebriuchlichen kortikalen Elektroden und 
mit Tungsten-Mikroelektroden — gleichzeitig 
aufgezeichnet. 


3. Die Aktivitaét von einem einzelnen oder 
von mehreren Einzelneuronen, wie sie von 
einer bestimmten Mikroelektrodenposition ab- 
geleitet werden konnten, sowohl als auch die 
Aktivitat von einer grossen Anzahl von Ein- 
zelneuronen, wie sie von verschiedenen Mikro- 
elektrodenpositionen in verschiedenen korti- 
kalen Schichten abgeleitet werden konnten, 
wurden in Beziehung gesetzt mit den paroxys- 
malen Entladungen des Oberflachen-EEGs. 

4. Das charakteristischste Verhalten von 


Einzelzellen, welches in Koinzidenz mit dem 


paroxysmalen Geschehen im Oberflachen- 
EEG erscheint, manifestiert sich als ein grup- 
pierte Entladung von hochfrequenten Spit- 
zenpotentialen. Andere Einheiten entladen 
manchmal nur ein oder zwei Spitzenpotentiale 
und gelegentlich werden Neurone gefunden, 
welche anscheinend von den Entladungen, wie 
sie im Oberflichen-EEG erscheinen, nicht 
betroffen werden. Die Aktivitét von ‘‘ver- 
letzten’’ Elementen sowohl als auch diejenige 
von Neuronen, welche spontane hochfrequente 
repetitive Entladungen aufweisen, wenn keine 
paroxysmale Potentiale im EEG erscheinen, 
wurde plotzlich gestoppt, wenn EEG-Par- 
oxysmen auftraten. 

5. Hypersynchronie der Entladung einer 
grossen Anzahl von Einzelneuronen ist ein 
anderes Charakteristikum der Krampfentla- 
dung, obwohl diese Hypersynchronie nicht 
immer als absolut erscheint. 


6. Es besteht eine enge Beziehung zwischen 
der Morphologie der langsainen EKEG-Entla- 
dungen und dem Entladungsmuster gewisser 
Kinheiten. 

7. Kine Analyse und Besprechung der 
gemachten Beobachtungen und der topogra- 
phischen Verteilung der aktiven Neurone im 
Kortex wird prasentiert. 
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INTRODUCTION 


Since Morison and Dempsey in 1942 first 
described the ‘‘diffuse’’ cortical response 
which could be elicited by activation of cer- 
tain portions of the thalamus, anatomical and 
physiological studies of the thalamic system, 
now called ‘‘non-specific’’, are quite nu- 
merous. Jasper and Droogleever-Fortuyn in 
1947 have suggested that this system could be 
involved in the mechanism of production of 
‘‘centrencephalic’’ seizures, emphasizing the 
analogy between the bilateral and diffuse na- 
ture of the EEG changes in petit mal epilepsy 
and the changes elicitable by stimulation of 
the non-specific thalamic system. In his sum- 
marizing paper of 1949, Jasper states that 
when the stimulating electrode reaches a cri- 
tical point within the thalamus ‘‘bilateral re- 
sponses would appear with complete control 
of the spontaneous cortical rhythms’’. He 
says that when the stimulation is performed, 
between 3 and 4 mm. lateral to the midline, 
bursts are induced ‘‘predominantly in the 
ipsilateral hemisphere with longer delay in 
the contralateral hemisphere’’, and that when 
stimulating the anterior pole of the nucleus 
reticularis bursts are set up ‘‘throughout one 
hemisphere or in a more restricted portion of 
one hemisphere alone’’. He feels that the 
exact pathways to the two hemispheres, in 
regard to the recruiting response, are still 
unknown, but ‘‘it is clear that the corpus 
callosum, the anterior commissure and septal 
regions are not involved’’. The same author, 
in outlining the topography of the non-spe- 
cific thalamic system, briefly mentions the 
preferential ipsilateral or bilateral control 


1 Read at the meeting of the Eastern Association 
of Electroencephalographers, New York, December 
1957. 

2 Deceased. 


exerted by various portions of the system 
itself. In this respect it is interesting to note 
that in their original paper, Dempsey and 
Morison (1942), although emphasizing the 
diffuseness of the recruiting response, did not 
particularly mention the presence of bilateral 
effects, and clearly state that the recruited 
potentials appear in essentially all regions of 
the ‘‘homolateral’’ cortex. 


Ralston and Ajmone Marsan (1956), while 
studying the synchronization of barbiturate 
spindles produced by penicillin lesions in 
various portions of the thalamus report dif- 
ferent effects, and in particular, ipsilateral 
or bilateral synchronization of the spindles, 
dependent upon the location of the penicillin 
lesion within the thalamus. 


Hanbery and Jasper (1954), found that 
stimulation of the non-specific thalamic 
nuclei caused an extremely widespread re- 
sponse involving the almost totality of the 
homolateral cortex and the anterior portions 
of the contralateral hemisphere. Hanbery 
et al. (1954), briefly mention that the path- 
ways to the anterior cortical areas of the op- 
posite hemisphere have not been demon- 
strated. They suggest that such fibers could 
pass either through the massa intermedia or 
sub-thalamic structures. In a recent paper 
earried out on the rodent, Kerr and O’Leary 
(1957) report that lesions of the midline 
structures are always accompanied by a 
marked reduction in the contralateral recruit- 
ing response; as, in their experience, acute or 
chronic section of the corpus callosum has no 
effect, they emphasize the role of the mid- 
line nuclei in the production of the contra- 
lateral responses. 


On the whole, there is a relative paucity of 
data relating to the bilaterality of the recruit- 
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ing response. Although it is commonly as- 
sumed that repetitive stimulation of the non- 
specific thalamic system yields a rather dif- 
fuse and ‘‘bilateral’’ response, this system 
does not behave uniformly throughout its ex- 
tent, and, as pointed out by Jasper in 1949, 
different results are obtained according to 
which portion of the system is stimulated. 
From a practical standpoint it is relatively 
easy to elicit an ipsilateral typical recruiting 
response, while a truly diffuse and bilateral 
recruitment is more rarely achieved. 

The purpose of this study is to further 
analyze the anatomophysiological substrate of 
the bilateral mechanism in the recruiting re- 
sponse, and in particular, to outline the por- 
tions of the non-specific system which pre- 
ferentially tend to activate the contralateral 
cortex, and, if possible, the pathway or path- 
ways involved in this activation. 


MATERIAL AND METHOD 


A total of 54 adult cats was used in this study. The 
majority of the animals were anesthetized by Nem- 
butal (0.8 ec. per kilo intraperitoneally: this was 
generally satisfactory to perform a 5-8 hours’ exper- 
iment). When needed, intravenous Pentothal was 
also given in small increments just sufficient to 
produce well developed 8-12/sec. spindle bursts. A 
few animals were induced with ether and then main- 
tained on curare and artificial respiration. The rectal 
temperature of the animal was maintained as constant 
as possible by means of a heating pad. 

All animals were tracheotomized, a vein in the 
forelimb was incannulated and then the animal was 
placed in a stereotaxic instrument. An extensive 
bilateral craniotomy was carried out to expose both 
hemispheres up to within 2 mm. of the midline. In 
many cases the calvarium was completely removed in 
order to expose the sagittal area. In addition, sub- 
occipital craniectomy was performed for the intro- 
duction of the stimulating (or recording, or coagulat- 
ing) electrodes from behind in a horizontal direction. 
The exposed cortex, after complete dural removal was 
kept covered with warm mineral oil. 

For stimulation, a #20 gauge steel needle was 
used containing two electrodes consisting of 45 gauge 
insulated copper wires polished at the tip, and held 
in place with plastic cement. The tips of the two 
copper wires were equalized with the level of the 
needle, being separated by approximately 150-200 
microns. The steel needle itself was insulated to the 
tip and occasionally stimulation and/or recording was 
performed by means of a ‘‘concentric’’ electrode 


using the tip of the needle as active lead. Subcortical 
recording was done occasionally also with steel needle 
electrodes 1 mm. apart using either bipolar or mono- 
polar methods. Recording of the cortical activity was 
done through silver ball electrodes. These were placed 
over various cortical areas, and as a rule, over the 
two g. prorei, pre-sigmoid, post-sigmoid and middle 
suprasylvian. In addition, one pair of ‘‘roving’’ elee- 
trodes was used to survey other cortical regions. 
Cortical recording was either bipolar (2-3 mm. inter- 
electrode distance) or monopolar using the lower 
eyelid or one neck muscle or the frame of the stereo- 
taxic instrument as reference. 

Similar steel needles were used to produce discrete 
electrolytic lesions within subcortical structures. In 
these needles, the tip was exposed about 1.5 mm. so 
that for a given placement a spherically-shaped lesion 
of 1.5-2 mm. in diameter could be regularly produced. 
When larger areas of destruction were needed, the 
procedure could be repeated by successive different 
placements of the electrodes. For extensive commis- 
sural lesions, a blade was used under stereotaxic 
control. 

For stimulation a Grass model S4 stimulator was 
used. For recording, an Offner 8 channel ink-writing 
EEG was used with provision made for monitoring 
two channels at a time through a dual beam type 322 
DuMont CRO. For coagulation a high frequency ap- 
paratus was employed (constructed by the Technical 
Development Section of our Institute on the principle 
of the Wyss coagulator). 

The parameters of stimulation were variable, how- 
ever, for the purposes of this study, optimum fre- 
quency was found to be 5-8 ¢/sec., pulse duration from 
0.1 to 0.5 (square pulse) and voltage between 5-15 at 
the output of a 4:1 isolation transformer (GR 579A). 

Optimal parameters for coagulation were regularly 
checked on egg albumen prior to each experiment. 
These were generally found to be 4 mA. for a dura- 
tion of about 25 sec. 

The various placements within the thalamus and 
other subcortical structures were marked selectively 
with the prussian blue reaction and subsequently 
checked histologically by serial (frozen) sections 
stained by Nissl and Weil techniques. Extent and 
topography of the subcortical lesions were equally 
checked by gross and microscopic inspection. 


RESULTS 


As stated in the introduction, the main 
purpose of this study was to determine which 
part of the non-specific thalamic system has a 
bilateral cortical effect, or, in other words, to 
outline the portion of that system which, with 
repetitive stimulation, would produce a re- 
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eruiting response over the _ contralateral 
cortex, and to find out the pathway or path- 
ways subserving this contralateral mechanism. 
For these reasons, and for descriptive pur- 
poses, the experiments which were carried out 
ean be sub-divided into three main groups. 


In the first group of animals, the survey 
of the thalamic nuclei was done by random 
stimulation, i.e., the stimulating electrode was 
placed within the thalamus with such an 
orientation as to be close to, or in one nucleus 
of the non-specific system. It was then moved 
millimeter by millimeter in the three direc- 
tions until a position was found which, upon 
repetitive stimulation, would yield a satis- 
factory bilateral response. The procedure was 
repeated from 2 to 5 times in each experiment, 
and the position of the electrodes was varied 
in the same and in different animals. 


In a second, smaller group of animals, a 
methodical survey of the thalamic nuclei was 
performed. 

In a large group of animals, including 
most of the first group, once an optimal 
thalamic placement was secured from which 
unquestionable bilateral responses could be 
produced, various cortical, commissural and 
brain stem sections were performed, as well 
as more or less discrete coagulations. 

The results obtained in the first two groups 
of experiments are summarized in two illus- 
trations (fig. 1 and 2). It is worth emphasiz- 
ing at this point, one of the major obstacles 
present when one attempts to outline in 
detail the topography of the thalamic non- 
specific system; namely, the variability of the 
results or, in other words, the extreme dif- 
ficulty of reproducing the same findings in 
the same animal or in different animals. The 
recruiting response is, as the name itself im- 
plies, a variable type of phenomenon. It varies 
not only in amplitude, form, polarity, latency, 
ete., but also in its cortical distribution, and 
many of these variations often occur without 
any obvious or definite cause. General and 
local conditions, such as level of anesthesia, 
blood pressure, temperature, ete., state of the 
various areas of the exposed cortex, and spe- 
cific afferences from the periphery (see 
Jasper et al. 1955), are very difficult to con- 


trol and to be kept constant through the 
extent of a given experiment, and even more 
difficult, if not impossible, to exactly repro- 
duce in subsequent experiments. In addition, 
notwithstanding the carefulness with which a 
given electrode is calibrated, and the cat’s 
head placed in the stereotaxic instrument, it 
is not easy to ‘‘hit’’ the same portion of a 
given nucleus in different animals. Therefore, 
as the extent of the spread of current during 
stimulation cannot be exactly evaluated, it fol- 
fows that the chances of twice reproducing 
superimposable sets of results are practically 
very rare. Because of this limitation, topo- 
graphical details should not be accepted in 
their absolute value, and only major sub- 
divisions within the system itself should be 
considered meaningful, together with those 
thalamic areas from which almost constantly 
negative or respectively positive results were 
obtained. What precedes also justifies the 
selection of the form of presentation of our 
findings, as outlined in the two illustrations: 
it is a form which sacrifices clarity and syn- 
thesis for objectivity. 

As repeatedly emphasized by various au- 
thors (Jasper 1949; Hanbery and Jasper 
1954; Hanbery et al. 1954) the recruiting re- 
sponse is not always ‘‘diffuse’’ as originally it 
was commonly assumed. This is true not only 
in regard to the ipsilateral hemisphere, but 
even more so for the contralateral hemisphere. 
For this reason, in plotting the results, we 
have arbitrarily sub-divided the contralateral 
response under study into two main types: 
diffuse and incomplete. The second type 
usually consists of a well developed response 
over the anterior portions of the brain (gyrus 
proreus) at times also present on the supra- 
sylvian gyrus but generally absent, or poorly 
developed, in other cortical areas. In figure 
1, the thalamic points whose stimulation could 
produce these two types of response are 
illustrated, as well as the thalamic points 
from which only ipsilateral recruiting re- 
sponse was elicited. In view of the fact that 
this plotting is not the result of a systematic, 
methodical survey, the completely ‘‘negative’”’ 
regions are not outlined, and, therefore, the 
areas which were left blank should be inter- 
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Fig. 1 


Plotting of the points in the thalamus from which unilateral or bilateral recruiting response 
can be elicited. (For further details, see text.) 

The symbols for the thalamic nuclei are those used in the Stereotaxic Atlas of the Diencephalon 
of the Cat, by Jasper and Ajmone Marsan (1954). 
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preted as not having been stimulated in this 
group of experiments. The various frontal 
planes selected for display are indicated in the 
same figure and represent those more com- 
monly, though not exclusively, used in the 
random survey. The size of the symbols used 
in the plotting roughly represent the fre- 
queney with which a given finding could be 
repeated. This is meant to emphasize or, re- 
spectively, de-emphasize given locations, how- 
ever, it should not be accepted ‘‘literally’’ and 
the fact that this plotting is the result of a 
random survey should be kept in mind. 


From this first series of results, a certain 
trend is apparent in the topographical or- 
ganization of the non-specific thalamic system 
with the most lateral portions, and in parti- 
cular with the nucleus reticularis and dorsal 
portion of centralis lateralis giving more con- 
stantly unilateral responses only. From the 
midline, or very close to it, the largest number 
of bilateral diffuse responses are obtained, 
while from the zone in between, incomplete 
bilateral responses are more often elicitable. 


In the same series of experiments, it was 
interesting to note the difference in the la- 
teney values of the contralateral response (see 
fig. 3 and 4). When the structures stimulated 
were at the midline or very close to it, the 
latencies of the responses from the two hem- 
ispheres were almost equal, if not superimpos- 
able. However, as the stimulating electrode 
was moved more and more laterally, the re- 
sponse in the contralateral cortex would tend 
to show a definitely longer latency than the 
ipsilateral response, and although it is diffi- 
eult to provide exact figures, in view of the 
variability of the latency itself, differences 
of up to 20 msec. were commonly encountered. 


It is interesting to compare the above- 
described results obtained, as mentioned, 
with a random survey, with those obtained in 
another series of animals in which a sys- 
tematic, and as complete as possible, thalamic 
survey was carried out. This was achieved 
by the following method: 

In 5 animals (experiments 48, 49, 50, 51, 
52) the stimulating electrode was introduced 
vertically and stimulation was methodically 
repeated beginning from a point located 6 
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mm. above the horizontal zero, down to a 
point situated 4 mm. below the horizontal 
zero. Each point from 1 mm. up to 8 or 10 
mm. away from the midline lateral zero, was 
thus studied, and the procedure was repeated 
in various frontal planes, chosen according to 
the Stereotaxic Atlas of Jasper and Ajmone 
Marsan (1954). The results thus obtained 
were then plotted in 5 demonstrative frontal 
sections, as illustrated in figure 2. In this 
survey, the optimal parameters were selected 
as soon as the first typical recruiting re- 
sponse could be observed, and then kept con- 
stant throughout the survey. A continuous 
ink-writing tracing was secured during the 
entire survey, while monitoring simultan- 
eously two homologous regions of the two 
hemispheres to check questionable types of 
responses. The classification of the various 
types of findings is essentially similar to that 
used for the previous group of experiments, 
however, in this survey, negative findings be- 
came obviously significant, and, therefore, are 
reported in the plotting (-). In addition, 
a differentiation was attempted within the 
croup of incomplete bilateral responses sep- 
arating the purely bi-frontal (white squares) 
from the more extensive (white and black 
squares) though much less so than the real 
diffuse responses (black squares). 


In our experimental conditions, with the 
method of stimulation above-described, this 
type of survey provided several interesting 
findings. The relative scarcity of ‘‘positive’’ 
responses from the lateral portions of the nu- 
cleus reticularis, is worth noting. Diffuse 
bilateral recruiting responses were very sel- 
dom, if ever, obtained when stimulating 
beyond 3 mm. from the midline on any 
horizontal or frontal planes. Bilateral recruit- 
ing responses of a diffuse type were, instead, 
very often observed with the stimulation of 
the nuclei situated very close to the midline: 
these responses were particularly well devel- 
oped following stimulation of the nucleus 
reuniens, nucleus paracentralis, medial aspect 
of ventralis anterior, medial half of nucleus 
centre medianum and the dorsal portion of 
the nucleus ventralis medialis. Bilateral, but 
only or mostly frontal, responses were pro- 
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Fig. 2 
Same as figure 1, but plotting obtained through systematic survey. (For further details 
see text.) 
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duced, mainly with stimulation of the ventral 
portion of nuclei ventralis anterior and of 
ventralis medialis. Incomplete contralateral 
response was elicited with stimulation of the 
peripheral portion of the centralis lateralis, 
centre medianum, ventralis medialis and the 


aie sales 
e) 
N. CENTRUM MEDIANUM 


WANING 


125 uV) 


tAAAAAAAARAAAAAA 


FO » 


225 


of centralis lateralis and rather often of centre 
medianum would, in many eases, give only ip- 
silateral response with no contralateral com- 
ponent whatsoever. 

As already noted in the non-systematic 
type of survey previously described, the dif- 
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Fig. 3 
Recruiting response in ipsilateral (lower beam) and contralateral (upper beam) gyrus proreus 
before (A, C) and after (B, D) section of the anterior portion of the massa intermedia. 
Note difference in latency between the responses of the two sides. 


largest portion of ventralis anterior. The 
caudal portion of the centre medianum was 
particularly effective for this type of re- 
sponse. Stimulation of nucleus reticularis and 


ferences in latency between ipsi- and contra- 
lateral responses were quite marked and would 
increase as the stimulating electrode was 
moved away from the midline (see fig. 3 and 
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4). Also, the property of waxing and waning 
would behave quite differently, during the 
stimulation of the same point, whether studied 
on the ipsilateral or contralateral cortex. 

In conelusion, the nuclei of the midline 
or close to it, are those which more easily can 
produce diffuse, bilateral responses. Other 
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contralateral frontal responses only. The 
entire nucleus reticularis will produce its re. 
eruiting effect ipsilaterally only, and this js 
very often true for most of the nucleus cen- 
tralis lateralis. 

A third group of animals was selected to 
investigate the possible pathways underlying 
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Fig. 4 
Recruiting response in ipsilateral (lower beam) and contralateral (upper beam) gyrus proreus 
before coagulation of the anterior portion of the massa intermedia (A), after such coagulation 


(B) and following section of the corpus callosum (C). 


nuclear groups slightly more laterally located 
are, instead, characterized by incomplete bila- 
teral responses, while certain nuclei, generally 
anteriorly located (like ventralis anterior and 
ventralis medialis) are more likely to yield 


(See text for further details.) 


the mechanism of the contralateral recruiting 
response. For this purpose, at the beginning 
of each experiment, a brief thalamic survey 
was made in order to find a spot, out of the 
many previously described, which would yield 
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a well developed, typical, bilateral recruiting 
response. This point was purposely selected 
not too close to the midline in order to be able 
to elicit a contralateral response with a 
definitely longer latency than the ipsilateral 
one, and to avoid its damage or destruction by 
a midline lesion. Generally, the stimulating 
electrodes were found to be within nucleus 
centre median, or nucleus paracentralis, nu- 
cleus centralis medialis or nucleus ventralis 
anterior. Once a satisfactory bilateral re- 
sponse was obtained, the parameters of stim- 
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formation about the significance of the 
various possible pathways. 

A gross transversal section of the midbrain 
at the level of the colliculi (Bremer’s ‘‘cer- 
veau isolé’’ preparation) had no effect upon 
the contralateral response. 

Complete section of the corpus callosum 
did not abolish the contralateral response, but 
constantly produced a slight decrease in its 
amplitude. In view of the variability of the 
response itself, and of its waxing and waning 
character, it was rather difficult to get an 


LESION 


AMPLITUDE OF CONTRALATERAL RESPONSE 
( PRE-LESION AMPLITUDE = 100 ) 


25 ele) 75 
“Tj ¥ 


CHART I 


Summary of the effects produced by various lesions or combination of lesions upon the 
amplitude of the contralateral recruiting response. 


ulation were carefully noted and kept con- 
stant throughout the duration of the ex- 
periment. The subsequent behavior of the 
response after various manipulations was 
monitored by comparing two homologous 
areas, usually the frontal regions, through 
analysis of the oscillographic tracing as a 
routine adjunct of the ink-writing records. 

In a small series of animals, gross and 
extensive lesions were performed, at the be- 
ginning, in order to get some general in- 


exact quantitative idea of the effect, however, 
it is safe to assume that the amplitude of the 
contralateral response would usually decrease 
by about 25 per cent from its original level. 

Complete separation of the two halves of 
the thalamus by cutting of the massa inter- 
media would abolish the contralateral re- 
sponse almost completely. 

It is worth mentioning at this point that 
the method of recording appeared to be of 
importance in determining the effects of these 
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various procedures: in fact, with monopolar 
recording, and regardless of the position of 
the ‘‘indifferent’’ electrode, it was almost 
impossible to demonstrate a complete disap- 
pearance of the contralateral response. More 
differential effects were instead obtainable 
when using the bipolar method of recording 
with closely spaced electrodes, and this was 
true even though the amplitude of the pre- 
lesion response did not seem to differ signi- 
ficantly, whether recorded with mono- or 
bipolar techniques. 


As a result of these preliminary findings, 
the main pathway for the contralateral re- 
sponse could be assumed to be thalamo- 
thalamocortical ; a theoretically possible thala- 
mo-lower brain stem-thalamocortical pathway 
eould be ruled out as improbable; the sig- 
nificance of cortico-cortical pathways ap- 
peared to be small, but nevertheless indis- 
putable. It must be noted that in those ex- 
periments in which total abolition of the 
contralateral response could be obtained by 
complete section of the massa intermedia, 
this procedure could not be achieved, for 
technical reasons, without the simultaneous 
complete section of the corpus callosum. 


As a second step, in another series of ex- 
periments, more or less discrete electrolytic 
lesions were carried out. 

Selective or combined coagulations of the 
anterior commissure, posterior commissure, 
intercollicular commissure, proved without 
any obvious effect upon the amplitude or 
presence of the contralateral response. 

A coagulation of a portion of the massa 
intermedia included between frontal planes 
8 and 9 and corresponding approximately to 
some extent of nucleus centralis medialis, did 
not abolish the contralateral response, which 
however, was reduced by 50 per cent of its 
pre-lesion amplitude. 

Coagulation of a more anterior portion of 
the massa intermedia included between frontal 
planes 10 and 11, and corresponding to the 
main core of nucleus reuniens was, instead, 
accompanied by a more marked effect upon 
the contralateral response, whose amplitude 
diminished by about 80 per cent of its original 
value (fig. 3, 4). 


When these two coagulations within the 
massa intermedia were combined, and _ the 
lesion itself extended, so that it would occupy 
an area included between frontal planes 8 and 
12.5, and horizontal planes +2 and —l, 
the contralateral response showed an obvious 
decrease in amplitude, but one rather com- 
parable to that obtained by simple coagula- 
tion of the anterior portion of the massa in- 
termedia as above described; and in no Gases 
was it possible to get a complete abolishment 
of the contralateral effect. In these instances, 
only further procedures like a complete 
eutting of the corpus callosum carried out 
with a sharp knife or blade and including in 
some instances the septal area, would produce 
the total disappearance of the contralateral 
response. This was true when recording with 
bipolar methods, while a markedly decreased 
yet still detectable response could be seen on 
the opposite side when recording with mono- 
polar technique. In view of this latter, some- 
what disturbing finding, the possibility of 
field effects were considered, and to test this 
possibility, local cortical cocainization, then 
local, and eventually extensive cortical ex- 
cisions were carried out. These procedures 
markedly decreased the ipsilateral response, 
and yet, the small contralateral deflection 
could not be abolished. 


It must be noted that these local cortical 
procedures, previously carried out in the 
absence of any other subcortical or major 
destruction, would never have any effect upon 
the contralateral response. 


In conclusion, as a result of various lesions 
in different structures and of different ex- 
tents, it is safe to state that unilateral activa- 
tion of certain portions of the non-specific 
thalamic system, produces contralateral dif- 
fuse recruiting response mostly via the massa 
intermedia and very likely via the anterior 
portion of this structure. Section of the 
corpus callosum affects the amplitude of the 
contralateral response, though definitely less 
than do thalamic lesions. Interruption of 
other commissural pathways has no effect 
upon the recruiting response elicitable on one 
hemisphere, with contralateral thalamic stim- 
ulation. 
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These various effects, which are sum- 
marized in chart I, do not seem to vary when 
different points of the non-specific system of 
one side are stimulated. 


It is interesting to note that while the con- 
tralateral recruiting response observable after 
section of the corpus callosum, though de- 
creased in amplitude, still shows waxing and 
waning, the same response — when still 
present after thalamic coagulation — fails to 
show a waxing phase throughout its develop- 
ment. 


DISCUSSION 


The problem of the topographical organ- 
ization within the non-specific thalamic sys- 
tem has been only partially solved by the 
present experiments. The reason for the lack 
of a complete solution of the problem cannot 
be entirely attributed to the relatively gross 
technique here employed; in fact, it is very 
likely that the very anatomo-physiological 
substrate of the system does not lend itself to 
an exceedingly detailed investigation. The 
absence of a strict uniformity of results is 
clearly shown in the first two illustrations. On 
the other hand, our findings still present a 
certain amount of interest. First, they further 
provide a confirmation of the known, though 
too often forgotten, fact that the system 
under discussion cannot be considered func- 
tionally uniform throughout its extent. Some 
of its portions seem to constantly control the 
activity of only one hemisphere, while others 
exert their effects bilaterally. The contra- 
lateral effect of still other structures in the 
same system seem to be less constant or pro- 
minent. On the whole, our findings tend to 
confirm the original topographical organiza- 
tion outlined by Jasper in 1949, and the minor 
differences between his and our results only 
stress, or respectively, de-emphasize the role 
of certain nuclear structures in the bilateral 
mechanism. In analyzing the results of the 
plottings in the two above-mentioned illustra- 
tions, it is clear that the closer one stimulates 
to the midline, the higher are the chances of 
producing a well developed, diffuse and ‘‘con- 
vineing’’ contralateral recruiting effect. Yet, 
this is not only a property of the nuclei 


situated along the midline, but also of nuclei 
which are bilaterally represented in the two 
halves of the thalamus, and for which no 
definite anatomical interconnections have been 
demonstrated (see, for instance, VM, CM, VA, 
etc.). From the same illustrations it is also ap- 
parent that nuclei located relatively away 
from the midline (like the upper portion of 
centralis lateralis and the entire extent of 
nucleus reticularis) very seldom, if ever, are 
found to produce, upon repetitive stimulation, 
a bilateral recruiting response. 


In an attempt to interrupt the mechanism 
through which this bilateral effect takes place, 
the first possibility to be ruled out is that of 
a purely ‘‘artefactual’’ mechanism in which 
the simple spread of the stimulating current 
could be held responsible. The following ob- 
servations make this possibility unlikely: (a) 
a displacement in the frontal plane of fraction 
of millimeters may transform a previously 
unilateral response into a diffuse bilateral, or 
vice versa; (b) the results of ipsilateral coag- 
ulation which abolish both ipsi- and contra- 
lateral response; and (c) the above-described 
results of discrete coagulation along the mid- 
line. 


The problem of the difference in latency 
between ipsi- and contralateral response de- 
serves some discussion. Although it is diffi- 
cult to give exact average figures (see Ajmone 
Marsan 1958) this difference is probably one 
of the most outstanding findings in our 
series of experiments. When the stimulating 
electrode is moved laterally from the midline, 
the delay between the two responses increases 
tremendously, and very often becomes more 
than twice longer than the latency of the ipsi- 
lateral response which may be as long as 40 
msec., or more. We have examples of re- 
eruiting responses recorded from the proreus 
when stimulating the nucleus paracentralis at 
1.5 mm. from the midline: in these cases the 
ipsilateral response has a latency of about 
10 msec., while the contralateral one exceeds 
the 300 msec. Even more striking are the 
differences when the ipsilateral response 
happens to have a relatively short latency as 
is the case when stimulation is carried out 
within the nucleus ventralis anterior: here 
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the ipsilateral response in the proreus has a 
latency of 2-3 msec. while the contralateral 
one has approximately 15 msec. latency. 


The reason for this difference should 
probably be looked for in the number of 
synapses involved in the pathways subserving 
the contralateral effect, as well as in the 
caliber of the fibers involved in these path- 
ways. These factors, however, do not appear 
sufficient in justifying the striking increase 
in delay for distances of only 1 or 2 mm., and 
it is possible that the mechanism of spread be 
visualized as a slowly progressing recruiting 
of successive neuronal aggregates within the 
system of one side, and successively of the 
other side of the thalamus. 


These results showing that with stimula- 
tion of certain portions of the non-specific 
thalamic system it is possible to elicit a bila- 
teral recruiting response not only when the 
stimulating electrode is placed exactly at the 
midline, but also when it is definitely uni- 
lateral and the primary activation concerns 
exclusively one half:of the thalamus, together 
with the observation of a considerable dif- 
ference in latency between the responses of 
the two sides deserve further discussion. We 
have previously mentioned the analogy found 
by Jasper and Droogleever-Fortuyn (1947), 
between the electrographic correlates of 
centrencephalic epilepsy and certain patterns 
elicitable with low frequency stimulation of 
the non-specific thalamic system. In 1954 
Cohn, in an effort to demolish the hypothesis 
of a central pacemaker in the pathogenesis of 
centrencephalic epilepsy, considered as crucial 
evidence against this hypothesis the demon- 
stration of a lack of ‘‘bilateral synchrony”’ in 
the 3/see. wave-and-spike complexes of petit 
mal epilepsy. By studying with oscillographic 
method these bilateral paroxysmal bursts, this 
author was able to show a delay of 5-20 
msec. between the complexes of the two sides. 
In the light of the present results, it be- 
comes obvious that Cohn’s argument loses 
much of its weight, and in any case, cannot 
be used convincingly to disprove the theory 
of a subcortical pacemaker in this form of 
epilepsy. It is quite possible that whatever 
is the pathological process at the basis of 


centrencephalic epilepsy, it could well involve 
most, or exclusively, one half of the non- 
specific thalamic system, which fact would, 
therefore, explain the lack of ‘‘precise syn- 
chronization of the spike discharges of the 
spike-dome complex’’. 

The results of various lesions and the 
effects of these lesions upon the contralateral 
recruiting response, are generally in agree- 
ment with those of Jasper (1949) and Kerr 
and O’Leary (1957). Such minor commis- 
sural pathways as the anterior, posterior and 
intercollicular commissurae, definitely are not 
involved in the bilateral mechanism of the 
recruiting response. The massa intermedia 
appears to be the most important, though 
not the exclusive, path for the contralateral 
response. According to our findings, the 
anterior portion of the massa intermedia seems 
more important than the rest of it, and in 
any case, relatively discrete lesions within this 
portion are followed by the most dramatic 
effects. On the other hand, the observation 
that with partial coagulations one can produce 
a marked attenuation of the contralateral re- 
sponse, but very seldom a complete disap- 
pearance of it, would suggest that other path- 
ways are involved. In our experience, total 
abolition of the contralateral response can 
only be achieved by combined massive callosal 
and thalamic sections, and, in general, by 
sections that go beyond the extent of the 
thalamus. The role of the corpus callosum in 
the bilateral mechanism has been completely 
discarded by the previous authors, and yet, in 
our experience, a minor, though constant 
effect could always be observed following com- 
plete section of callosal fibers. This effect 
would consist of an attenuation of about 20- 
25 per cent of the amplitude of the contra- 
lateral recruiting response observable in both 
the intact animals and in the animals in which 
a previous midline coagulation had been per- 
formed. This seems to confirm the findings of 
Bremer (1956) and Bremer and Stoupel 
(1957) on the participation of the corpus 
callosum in the mechanism of the bioelectric 
synergy of the cerebral hemispheres. 


As mentioned in the section of results, the 
possible role of field effects in the determina- 
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tion of the small response which commonly 
persists in the opposite hemisphere following 
various more or less extensive lesions has 
been satisfactorily ruled out by ipsilateral 
cocainization and decortication. 


Two other findings which were not parti- 
cularly stressed in the presentation of the 
results are worth mentioning here. Rather 
often, following coagulation of the massa in- 
termedia, if the contralateral response per- 
sists, it fails to show the waxing and waning 
character which was, instead, present before 
the lesion. Under these conditions, the con- 
tralateral response becomes a series of 
‘‘waning’’ potentials, and the rhythmically 
alternating ‘‘waxing’’ is no longer observable. 
If one accepts the suggestion (Ajmone Mar- 
san 1958) that the slow cycles of waxing and 
waning are probably the expression of the in- 
terplay of two main groups of chains of 
neurons different from each other by the 
number of synapses involved, one could in- 
terpret the changes in the contralateral re- 
sponse subsequent to the midline lesion as due 
to a selective elimination of the neurones 
excited by the shortest paths. 


A somewhat different phenomenon is, on 
the other hand, observed in other cases in 
which the contralateral response was char- 
acterized by a ‘‘double’’ potential (see 
figure 4), and in which the first portion 
would have a latency very similar to that of 
the ipsilateral response, but would not show 
any recruiting characters, while the second 
component would show, besides a much longer 
latency, a definite waxing and waning. In 
these cases, after coagulation of the massa in- 
termedia, one could observe the complete or 
almost complete disappearance of the second 
component, while the earliest would persist 
without any obvious attenuation. Subsequent 
section of the corpus callosum would also fail 
to affect this contralateral earlier component. 
There is no convineing explanation for this 
phenomenon, however, in view of the fact that 
these findings were most commonly observed 
when the stimulating electrode was rather 
close to the midline, and because of the lack 
of appreciable differences in latency between 
the ipsi- and (early) contralateral responses, 


a possible interpretation could be advanced: 
the complex contralateral. response in the 
intact animal could be the combined result of 
both spread of current and ‘‘physiological’’ 
activation and these two factors would account 
for the complexity itself of the response. 
Following section of the massa intermedia, the 
physiological component would be eliminated, 
while the spread of the stimulating current 
could still be effective, without, however, 
reaching the threshold for optimal activation 
of the contralateral non-specific nuclei (ab- 
sence of ‘‘waxing’’). 


SUMMARY 


It has been possible to outline the portions 
of the non-specific thalamic system which, 
upon repetitive stimulation, yield bilateral 
cortical effects. This outline could not be as 
detailed as we hoped it would be when this 
series of experiments was originally planned. 
On the basis of our findings, it is, however, 
safe to state that stimulation of structures 
located closer to the midline is more likely to 
yield bilateral responses, while with the 
activation of other nuclei more laterally lo- 
eated, a contralateral effect can very seldom 
be demonstrated. Confirming and extending 
the work of previous investigators, we found 
that the pathways for this bilateral effect run 
mainly, but not exclusively, within the an- 
terior portion of the massa intermedia; the 
possible role of other commissural systems has 
been respectively emphasized or minimized. 
The existence of considerable delay between 
two recruiting waves on homologous areas of 
the two hemispheres has been stressed and 
discussed. 


RESUME 


Il a été possible de délimiter ces parties du 
systéme thalamique non-spécifique, dont la 
stimulation répétitive provoque des effets cor- 
ticaux bilatéraux. Cette délimination n’est 
pas aussi précise que nous l’avions espéré 
quand nous entamions cette série d’expé- 
riences. Néanmoins, nous pouvons affirmer 
que la stimulation des structures plus mé- 
dianes a plus de chance de provoquer des ré- 
ponses bilatérales, tandis que 1’activation de 
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structures plus latérales fera apparaitre rare- 
ment des réponses contralatérales. En confir- 
mant et en étendant le travail d’autres au- 
teurs nous avons mis en évidence que la voie 
econductrice de cet effet bilatéral se trouve 
principalement, mais pas exclusivement, dans 
la partie antérieure de la masse intermédiaire ; 
le role possible d’autres systeémes de com- 
missure a été soit accentué soit minimisé. 
L’existence d’un délai considérable entre deux 
ondes de recrutement apparaissant en deux 
aires homologues des deux hémisphéres a été 
discutée. 


ZUSAMMENFASSUNG 


Es war moglich, die Anteile des unspezi- 
fischen thalamischen Systems zu umreissen, 
welche in Antwort auf repetitive Reizung 
bilaterale Rindenantworten erzeugen. Die 
Demarkierung dieser Zone konnte jedoch 
leider nicht so detailliert ausgefiihrt werden, 
wie es am Beginn der experimentellen Arbeit 
geplant war. Auf Grund der Befunde ist es 
jedoch moglich zu sagen, dass Reizung von 
Strukturen, welche nahe der Medianlinie 
legen, haufiger bilaterale Reizantworten 
geben als die Reizungen von anderen mehr 
lateral gelegenen Teilen, von wo aus kontrala- 
terale Reizantworten nur selten erzeugt wer- 
den konnen. Die Arbeiten friiherer Unter- 
sucher wurden bestatigt und ausgedehnt, 
wobei festgestellt wurde, dass die Verbindun- 
gen, welche die bilateralen Antworten erzeu- 
gen, hauptsachlich, wenn auch nicht aussch- 
liesslich, innerhalb des vorderen Abschnittes 
der Massa intermedia verlaufen. Die mogliche 
Rolle, welche andere kommissurale Systeme 
spielen, wurde besprochen. Das Vorkommen 
von betrachtlichen Verzogerungen zwischen 
rekrutierenden Wellen in homologen Rinden- 


gebieten der beiden Hemispharen, wurde be- 
tont und besprochen. 
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Since Berger first reported that electrical 
activity in the brain could be measured, there 
have been various attempts to produce an 
objective technique for classifying the record- 
ed EEG activity. Measurements have been 
made of average voltage, per cent time alpha, 
and delta index, as well as dominant and 
weighted average frequency analysis (Brazier 
et al. 1945; Davis and Davis 1936; Hoagland 
et al. 1957; Lennox et al. 1938; Rubin and 
Moses 1944). Gibbs (1944) developed and 
standardized a classification system in which 
records are classified as alpha, 8,;, Se, LVF, 
F’, and KF. based upon a visual inspection of 
the total EEG record. Hsu and Sherman 
(1946) attempted to classify EEG activity 
based upon a factorial analysis of what they 
considered to be 22 pertinent EEG variables. 
However, only the Gibbs’ type of classifica- 
tion and alpha index have received wide re- 
search or clinical acceptance. Of these two, 
the alpha index has most often been found to 
be correlated with personality variables 
(Faure 1949; Lemere 1936; Rubin and Moses 
1944). 

A proposed part of this study concerned 
with a qualitative analysis of the pattern and 
stability of resting EEG based upon Gibbs’ 
type of classification was discontinued because 
of low inter-and intra-rater reliabilities. Both 
of the raters were experienced clinical electro- 
encephalographers. The primary area of dis- 
agreement was in the classification of records 


1 This research was done under Air Foree Contract 
18(600)-927 concerned with individual variability and 
concomitant situational, personality, physiological and 
neurological factors in photically stimulated EEG 
responses. 


as other than alpha, i.e., 8;, LVS, LVF, Fy, 
ete. Agreement between the two raters on a 
sample of 46 records which contained 37 alpha 
resting records was 91 per cent. However, on 
30 records where 20 of the records had been 
classified as other than alpha resting patterns 
by one or both of the raters on separate 
ratings, the agreement dropped to 66 per cent. 
Of more concern was the low agreement of 
the raters with themselves when asked to re- 
rate records after a period of two to three 
months. This low reliability became especially 
important when the stability of the resting 
record for the follow-up sample was found 
to be only 65 per cent, indicating marked 
changes in the resting pattern from record to 
record. When the intra-rater reliabilities were 
examined and found to be only 64 and 66 per 
cent for the two raters, it became evident that 
the low stability might be purely an artifact 
resulting from rater unreliability. These find- 
ings strongly supported the need for a more 
objective and quantifiable system of EEG 
classification and were consistent with Blum’s 
(1954) findings of low agreement on the 
diagnosis of organic pathology from the EEG 
tracing. 

The greatest advance in quantification of 
the EEG has been the development of mech- 
anical and electronic analysers (Gibbs and 
Grass 1947; Dawson and Walter 1944; Walter 
1943; Walter and Walter 1949) which resolve 
the complex wave forms into component fre- 
quencies and indicate the relative amount of 
activity at each frequency. Mechanical ana- 
lysers were costly of time and personnel and 
were superseded by electronic devices which 
gave an immediate analysis of the EKG as it 
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was recorded. From the start, however, the 
electronic analyser has been plagued by prob- 
lems of overall linearity, failure to respond, 
particularly to signals of low voltage and 
hypersensitivity to rhythmic bursts at a unit 
frequency. Also the necessity for frequent 
tuning of the analyser and for constant tech- 
nical attention, together with limited applic- 
ability for clinical use, has greatly reduced its 
popularity. Not all of these defects have been 
overcome and other types of electronic analysis 
utilizing tape recorder, toposcopic displays, 
and autocorrelation (Brazier 1957; Burch; 
Cohn 1950; Walter and Shipton 1951), are 
being explored. Some improvements in the 
design of the electronic EEG analyser have 
also been made (Knott et al. 1951; Ulett and 
Loeffel 1953) and with these improvements 
there has been an increased interest in their 
use and in the statistical treatment of electro- 
nically analyzed EEG data (Gleser 1954). 
Corbin and Bickford (1955) have used 
the electronic analyser to study the electro- 
encephalogram in normal children. Kennard 
et al. (1957, 1955) have analyzed EEG records 
of patients with psychological disorders while 
Rabinovitch and Kennard (1955) have com- 
pared the electronically analyzed EEG pat- 
terns with Rorschach findings. In our own 
laboratory the analyser has been used pri- 
marily for studying the EEG response to 
intermittent photic stimulation (Johnson 
et al. 1957; Ulett et al. 1953; 1952; 1958). 
With the exception of Kennard (1957) who 
did a longitudinal study of 2 to 4 months 
duration on a small group of mental hospital 
patients and normal controls, there have been 
no attempts to use this refined and objective 
method of EEG analysis to obtain normative 
data on a large group over time. Reports to 
date of EEG patterns and their stability over 
time are based entirely upon data obtained by 
visual, and often subjective, analysis of the 
EEG record. This study presents data on the 
quantitative analysis of the resting EEG re- 
sponse in 182 young adult males and the 
stability of the EEG activity in 50 of these 
subjects over a nine month period. Both bi- 
polar and monopolar recordings were included 
in the EEG examination and recordings were 


LAVERNE C. JOHNSON and GEORGE A. ULETT 


taken from occipital, parietal and frontal 
areas. 


PROCEDURE 


Subjects: Subjects for the present study 
were participants in a larger project con- 
cerned with the individual variability and 
concomitant, situational, personality, phys- 
iological and psychological factors in photi- 
cally stimulated EEG responses. The total all 
male class of a local Protestant Seminary, 
N=—=182, was examined. Based on their re- 
sponse to photic stimulation and resting EEG 
classification, 50 were selected for follow-up 
over a three year period. The 50 were selected 
so that they would be a representative sample 
of the total group. Mean age for the total 
group was 20.2, standard deviation 1.02. 


EEG Examination and Analysis. All 
examinations took place in the research lab- 
oratory of Malcolm Bliss Mental Health 
Center. The eyes closed resting EEG activity 
used for this study was recorded during the 
first part of the 45-60 min. experimental ses- 
sion. Photic stimulation always followed the 
recording of the resting EEG activity. The 
eyes closed resting recording was continued 
until 60 artifact free seconds, six 10 sec. strips, 
of bipolar activity in the parieto-occipital area 
and 60 artifact free seconds of monopolar 
(sealp to ear) activity in the occipital, 
parietal, and frontal areas were recorded. 
The quantitative analysis reported in this 
study was based on the 60 sec. of recorded 
activity in each of the four areas. 


A Gilson 8-channel EEG was used with 
conventional calibration and filtering. The 
placement of the needle electrodes was held 
as constant as possible from person to person 
and from trial to trial. The occipital lead was 
placed 1 em. above and 2 em. lateral to the 
inion. The parietal lead was placed lateral to 
the sagittal plane one third of the distance 
from mid-vertex to the external auditory 
meatus and the frontal lead was located on the 
forehead 8 em. above the pupil. The left ear 
was used for the indifferent lead for recording 
monopolar activity and only activity from the 
right side of the head was electronically 
analyzed. 


-ontal 


PATTERN AND STABILITY OF EEG ACTIVITY 


The electronic analyser used in this study 
has been described in detail elsewhere (Ulett 
and Loeffel 1953). It yields a profile of the 
amount of activity in a 10 sec. interval at 
each of 24 frequencies (8, 3.5, 4, 4.5, 5, 5.5, 
6, 6.5, 7, 8, 9, 10, 11, 12, 18.5, 15, 16.5, 18, 20, 
22, 24.5, 27, 30, 33). The write-out circuit was 
adjusted so that the write-out was linear 
throughout its excursion. Thus the pen de- 
flection at each frequency is proportional to 
the average microvoltage at that frequency 
multiplied by the per cent time occurrence 
of that frequency in the 10-sec. interval. The 
analyzer record was thus, in a sense, a mea- 
sure of total cortical activity as it was based 
upon both frequency and amplitude. By 
means of a transparent template scaled in 
millimeters the height of the pen deflection 
at each frequency was read for each of the 
24 analyzed frequencies over six 10 sec. strips. 
The pen deflections for the 6 strips were 
averaged and this average was the measure of 
cortical activity used in the study. 


RESULTS 


The first step in the analysis was to de- 
termine whether using only six 10 sec. strips 
gave a stable estimate of cortical activity. To 
determine the adequacy of this period of re- 
cording, this initial 60 sec. interval was com- 
pared with activity obtained from a second 
60 sec. time interval for 5 subjects selected at 
random so that they would not be biased as to 
type of resting record. Pearson correlations of 
activity over the 24 frequencies were: .99, .95, 
88, .91 and .99 indicating that six 10 see. 
strips were an adequate time sample. 

As these results were based entirely upon 
analyzer data, the question of reliability and 
validity of the analyzer was a crucial one. 
The reliability was thoroughly explored in the 
follow-up recordings, but the question of 
whether the analyzer accurately follows and 
records the cortical activity present was a 
more difficult one. The analyzer was origin- 
ally used in our laboratory to measure changes 
in cortical response due to photic stimulation. 
When used in this manner the fact that it may 
more readily measure trains of waves re- 
peating at a given frequency more accurately 
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than it does discrete sporadic activity was felt 
to be of no disadvantage. Also, as the original 
interest was in the increase in the cortical 
activity based upon both amplitude and fre- 
quency the analyzer was constructed to record 
this total cortical activity rather than to show 
changes in frequency alone. For a strict 
analysis of the analyzer record it should be 
compared with a known standard. In this 
study, this standard was a manual analysis of 
the number of waves present in each of 15 
analyzer frequencies on 3 records. This 
manual analysis was compared with the pro- 
file of activity based on the analyzer re- 
cordings of the same period of activity. The 
resting EEG activity of these 3 records in- 
eluded a low alpha pattern, a high alpha 
pattern and an Sl pattern. Because of the 
difficulty in reading frequencies below 
5 e/see. and above 20 c/sec. all 24 analyzer 
frequencies could not be read manually for 
comparison with the electronically analyzed 
record. As amplitude was not taken into 
account in the manual reading, it was not 
expected that the height of the two profiles 
would be the same. However, if the analyser 
accurately responds to the cortical activity, 
the shape of the profiles should be similar. 
The profiles for one of the three records are 
presented in figure 1. Inspection reveals a 
high degree of similarity as to the shape of 
the analyser and manual records. Rho corre- 
lations for the three records were .76, .57, and 
.69. Correlation for the record presented in 
figure 1 was .76. All of these correlations 
would occur by chance less than one time in 
a hundred and two of them would occur by 
chance less than one time in a thousand. 
Taking into account possible errors in both 
electronic and manual analysis which would 
lower the correlation, these results indicate 
that the analyser gives an acceptable quanti- 
fication of cortical activity. Though more 
refinement is desirable, it justifiably can be 
used as the best measure available at the 
present time. 

EEG Activity of Total Sample. Since it 
is known that the distribution of EEG 
activity tends to be skewed, especially in the 
alpha band, and that there are usually a few 
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extreme scores at each frequency which tend 
to distort the mean, the median was used as 
the measure of central tendency and the first 
and third quartiles as indicators of variability. 
In figure 2 are the median, first and third 
quartile responses for the right parieto-occi- 
pital area. As expected, variability was cor- 
related with central tendency, greatest var- 
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in figure 3 are the median response curves 
for monopolar activity in the _ occipital, 
parietal and frontal areas. The greatest re- 
sponse in all areas was again in the alpha 
band with the greatest activity occurring in 
the occipital areas. 

Monopolar and bipolar recordings have 
always been looked upon as surveying some- 
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Fig. 1 
Comparison of analyser recording with manual reading of EEG activity. 


lability occuring where the median was largest. 


Also the third quartile was, in general and 
especially in the alpha band, at a greater dis- 
tance from the median than was the first 
quartile, indicating that the distribution of 
EEG response was skewed to the right. As 
expected, the greatest response was in the 


alpha band, with peaks at 10, 11, and 12 ¢/see. 


what different masses of brain tissue. The so 
called ‘‘monopolar’’ (actually scalp-ear) has 
often been said to reflect to some degree deep 
or underlying brain activity, and ‘‘bipolar’’ 
(scalp-sealp) to give a sample of more super- 
ficial cortical activity. In figure 4 are the 
response profiles for the right parieto-occipital 
bipolar recordings and for the monopolar re- 
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cordings in the occipital and parietal areas. 
Comparison of the two occipital response pro- 
files indicates they are almost identical. This 
suggests that in the occipital area bipolar 
(parieto-occipital) and monopolar (scalp-ear ) 
recordings are comparable. The high sim- 
ilarity further indicates that the parieto-occi- 
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pital response is determined primarily by 
activity in the occipital area. 


STABILITY OF EEG ACTIVITY 


In the study of stability, both group and 
individual stability were examined over three 
trials, spaced roughly three months apart. In 
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Fig. 2 
Resting bipolar EEG activity: median, first-third quartile response in right 


parieto-oecipital area N = 165. 
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Resting monopolar 
frontal areas. 


EEG activity: median response in occipital, parietal, 
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both cases changes in amount of activity from 
trial to trial and also changes in the shape of 
the EEG response profile over each of the 24 
recorded frequencies were studied. 

The subjects used in this study were the 50 
whose response to photic stimulation was 


Millimeters of Analyzer Pen Excursion 


6 4 4 4 4. 4 4 
t 


three trials. Stability of both bipolar and 
monopolar recordings was studied. A discus. 
sion of stability in the right parieto-occipital 
area will be presented first. 

Stability wn Parieto-Occipital Area. In 
table I are the results of the analysis of 
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Fig. 4 
Comparison of bipolar and monopolar responses. 


being followed over a three year period. T-wo 
dropped after the first record, leaving an 
N of 48, and four records were technically 
poor leaving 44 subjects with records on all 


variance of the amount of EEG activity over 
three trials. Analysis was made of _ total 
driving, activity over all 24 frequencies, and 
of driving in 5 frequency bands. The division 


TABLE I 


Analysis of Variance of EEG Activity in Right Parieto-Occipital Area Over Three Trials 
N = 44 


Frequency Bands 


Total 
Driving 3.0-4.5 5.0-7.0 8.0-12.0 13.5-20.0 22.0-33.0 
(All 
Frequencies ) 
Source 
of 

Variation df -” ies F* ¥* ¥* ¥* 
Subjects 43 4.36 6.30 3.19 8.94 2.90 1.91 
Trials 2 29.84 35.20 41.65 14.00 24.92 29.50 
Error 86 


* All F ratios significant at .001 level. 
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into frequency bands followed as closely as 
possible the classification generally accepted 
in clinical practice, i.e., 3-4.5, 5-7, 8-12, 13.5-20, 
and 22-33 c/sec. As expected, there were sig- 
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file for the three trials. These profiles 
represented the EEG activity at each of the 
24 frequencies. In figure 5 are the response 
profiles for the group over the three trials. 
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Fig. 5 
Stability of resting EEG activity: median parieto-occipital response of 


three trials N — 44. 


nificant individual differences in EEG ac- 
tivity in all frequency bands and in total 
activity. There was also a significant dif- 
ference in the amount of EEG activity from 
trial to trial, but ‘‘t’’ tests indicate that this 
difference was due to significantly less re- 
sponse on the first record. There were no sig- 
nificant differences between the second and 
third trials. This difference in amount of 
activity in the three trials is clearly seen in 
figure 5 though the shape of the profiles are 
quite similar. 

In addition to the analysis of amount of 
activity based on the total 44 subjects, an 
analysis of the stability of each subject’s EEG 
response profile also was done. This analysis 
was concerned with the degree of relationship 
that existed among each subject’s EEG pro- 


Similar profiles were prepared for each sub- 
ject. An estimation of the stability of each 
subject’s profile was obtained by use of the 
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Frequency distribution of intraclass correlation of 
parieto-occipital EEG response profiles over three 
trials N = 44. 
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intraclass correlation technique outlined by 
Ebel (1951). The frequency distribution of 
the intraclass correlations is presented in 
figure 6. For the 44 subjects the range of 
correlation was from -.61 to .98 with a median 
of .60. First quartile r was .38 and the third 
quartile r was .87. Hight of the intraclass cor- 
relations were not significant (correlation be- 
low .20). While most subjects’ response pro- 
files were highly stable from trial to trial, 50 
per cent above r of .60, there were marked in- 
dividual differences in stability with some 
subjects being very unstable, especially when 
difference in amount of activity from trial to 
trial is not excluded. If the difference in 
amount of activity is excluded in computing 
the intraclass correlation coefficient ? and the 
relationship is based primarily on the shape of 
the response profile, the range of correlation 
is .74 to .98 with a median r of .97, and a 
first quartile of .72 and a third quartile of 
.94. These results indicate that the significant 
change from trial to trial is in the amount of 
activity and not in the shape of the EEG 
profile. 


1 The intraclass correlation was specifically develop- 
ed to be used with data similar to those collected in 
this study where several sets of scores are collected 
on just one variable. The procedure outlined by Ebel 
is based upon analysis of variance and thus not only 
permitted an overall measure of the relationship over 
trials but also enabled the use of an F ratio to test 
the significance of the relationship. In the analysis 
of variance design the 24 frequencies were the rows 
and the three trials were the columns. The scores were 
the amount of EEG activity at each frequency. Homo- 
geneity of variance was tested by Hartley’s F maxi- 
mum technique (Walker and Lev 1953). None of 
the maximum ratios was significant. As there was 
a significant difference among the three trials as to 
the amount of EEG activity, the between trials 
variance was not removed in the analysis of variance 
design from which the intraclass correlations were 
computed. It was felt that most uses of EEG re- 
sponses would probably include as an important va- 
riable the amount of activity as well as the distribu- 
tion of that activity. Thus to exclude the trial dif- 
ferences in amount would lead to a somewhat mis- 
leading estimate of the relationship and the results 
obtained would not be as useful. The procedure out- 
lined by Ebel offers alternative intraclass formulas 
to cover these situations. In a later section, the intra- 
class coefficients will be compared when both formu- 
las are used, i.e. when the error term in the analysis 
of variance design includes the between trials va- 
riance and where this variance has been removed from 
the error term. 

2 See previous footnote. 


When each subject’s stability of EEG 
activity over the three trials as indicated by 
the intraclass r was compared with activity 
on the first record in the frequency bands 
3-4.5, 5-7, 8-12, 18.5-20 and 22-33 c/sec., the 
amount of alpha activity was most clearly 
related to stability. The contingency coeffi- 
cient here was .59, significant at .001 level, chi 
square 23.5. Neither amount of slow activity, 
below 8 ec/sec., nor fast activity, above 20 
e/sec., was significantly related to stability, 
but activity in the 13.5-20 range was 
moderately related to stability, contingency 
coefficient .89, chi square 7.84. These results 
suggest that low alpha records should gen- 
erally not be taken as representative of the 
optimal amount of EEG response. Repeat 
records when the procedure is more familiar 
and less stressful to the subject will often re- 
sult in a significant increase in alpha activity. 

Stability of Monopolar EEG Activity. 
Like the parieto-occipital response, the stab- 
ility over time of monopolar EEG activity in 
the occipital, parietal and frontal areas was 
examined. In addition to the stability over the 
three trials, the similarity of the EEG re- 
sponse pattern over the cortex also was 
examined using the monopolar recordings. 
This latter analysis was concerned with the 
relationship among the occipital, parietal, and 
frontal response profiles over the 24 fre- 
quencies. 


In figures 7, 8 and 9 are the median EEG 
responses in the occipital, frontal, and parietal 
areas over the three trials. Examination of 
the response profiles indicated significantly 
less activity on the first record in each of the 
three cortical areas. EEG activity for trials 
2 and 3 was very similar, and the shape of 
the response profiles was consistent from trial 
to trial. There was a striking similarity be- 
tween the response in the occipital, parietal 
and frontal areas based on monopolar re- 
cordings with that found in the parieto-ocei- 
pital area. In both instances there was less 
activity in record 1 with an increase in record 
2, and this increase remained in record 3. 
Also in both bipolar and monopolar recordings 
the shape of the profile was highly consistent 
from trial to trial. 
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In addition to the stability of the group 
response, plotted in terms of median re- 
sponses, stability of the individual subject’s 


resting EEG response profile in the occipital, 
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stability of individual response profiles of the 
parieto-occipital response was used here.! 

The mean, first quartile, third quartile 
as well as the range of intraclass correlation 
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Fig. 7 
Stability of resting monopolar EEG activity: median occipital response 
of three trials N = 32. 
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Fig. 8 
Stability of resting monopolar EEG activity: median parietal response of 
three trials N = 35. 
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parietal, and frontal areas was also computed. coefficients for the four recordings were very 


As was done in the parieto-occipital area, in- 
traclass correlations were computed for each 
subject for each of the three areas. The an- 
alysis of variance design used in computing 


similar especially with respect to the median 
correlation. These correlations are presented 


1 See previous footnote. 
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TABLE II 


Median, First Quartile and Third Quartile Intraclass 
Correlation Coefficients of EEG Response Profiles 
Over Three Trials 


Bipolar 
Recording 
Parietal- 
Occipital Parietal Frontal Occipital 


Monopolar Recording 


Ye 32 35 23 44 
Median 61 05 2 .60 
First Quartile 12 32 16 38 
Third Quartile 78 74 71 .87 
Range —.44to —.12to —.24to —.6l1to 
95 91 .88 95 


* Varies because some records in each area were 
technically poor. 


in table II. However, there was a wider range 
of correlations in the occipital area in both 
the monopolar and bipolar records probably 
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come .80, .86, .79 for occipital, parietal and 
frontal areas respectively. 

Again, as in the parieto-occipital area, the 
amount of activity varies more from trial to 
trial than does the shape of the activity curve. 
The EEG response of most subjects was also 
relatively stable from trial to trial in the 
monopolar recordings. However, marked in- 
dividual differences were again present with 
some subjects being highly unstable. If a 
subject’s EEG response was unstable over 
time in one area, his response was usually un- 
stable in other areas of the cortex, including 
the parieto-occipital area. These results again 
indicate a similarity of functioning from one 
area of the cortex to the other when a quan- 
titative measure of cortical activity is used. 

Organization of Monopolar EEG Activity 
Over Cortex. Similarity of EEG response 
patterns over the cortex was concerned with 
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Fig. 9 
Stability of resting monopolar EEG activity median: frontal response of 


three trials N — 23. 


because of the greater amount of activity in 
that area. The results also indicated a high 
degree of stability of response for these sub- 
jects over the three trials in each of the 
four areas. In all areas over half of the sub- 
jects had correlation coefficients above .50 
and one third of the subjects were above .70. 
If the difference in amount of activity is ex- 
cluded in determing the intraclass correlation 
coefficient, the median correlation figures be- 


the consistency of activity in the occipital, 
parietal and frontal areas. To evaluate the 
degree of organization present several factors 
were considered: (1) amount of alpha activity 
in each of the three areas; (2) amount of 
slow activity; (3) amount of fast activity; 
(4) spread (the distance separating the three 
profiles) ; and (5) number of peaks of activity. 
Based on the specific criteria listed in table 
III, monopolar records of 46 subjects were 
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divided into four groups. These records were 
available only on the follow-up group. Re- 
liability for the scale based on per cent agree- 
ment of two raters was 89 per cent. In figures 
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subjects were placed in this group. Group II 
records were also well organized but alpha, 
particularly occipital alpha, was not as do- 
minant as in group I[. Seventeen (36.9 per 
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Fig. 10 
Dominant occipital alpha well organized cortical pattern: group I record. 
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Fig. 11 
Occipital alpha not dominant, but otherwise well organized cortical pattern: 


Group II record. 


10, 11, 12, and 18 are typical examples of the 
types of records placed in each of the four 
groups. Group I records, as indicated by the 
scale, were the well organized high alpha 
records. Sixteen (34.7 per cent) of the 46 


cent) were placed in group II. Group III was 
comprised of those records which showed a 
predominance of slow activity and general dis- 
organization. Hight (17.3 per cent) were 
placed in this group. Five subjects (10.9 per 
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cent) were placed in group IV which was the 
grossly disorganized group with no clear pre- 
dominance of either slow, alpha or fast 
activity. 

Of interest was the relationship of cortical 
stability over the three areas to stability of 
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area, the stability of the parieto-occipital re- 
sponse over three trials was used for compa- 
rison with stability over the cortex because 
of the larger N in this group. The comparison 
was made by converting the intraclass corre- 
lation coefficient for each subject into z scores 
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Fig. 12 
Dominant slow activity with disorganized cortical pattern: 


group III record. 
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Fig. 13 
Multipeaks with general disorganized cortical pattern: group IV record. 


the EEG response over time. To examine this 
question, group I and II records were com- 
bined and compared with combined groups 
IIl and [V. As stability over time was highly 
similar whether bipolar or monopolar record- 
ings were examined, especially in the occipital 


and testing the differences between the mean 
stability coefficient for the well organized 
high alpha group, groups I and II, and that 
for the disorganized and/or slow groups III 
and IV. Transformation of the correlation 
coefficients into z scores was necessary to 
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TABLE III 


Instruction for Rating Organization of Monopolar 
EEG Activity Over Cortex 


Please divide profiles of monopolar EEG activity 
in occipital, parietal and frontal areas into 4 groups 
using criteria listed below. To be placed in group I, 
II, III or IV the profile must more closely meet all 
the criteria of that group than any of the other 
three groups. 


Group I 

1. Occipital alpha activity highest, at least 20 
mm higher than parietal or frontal, in alpha 
range. 

2. Alpha occipital clearly predominant activity 
of profile, at least 2 times as high as activity 
below or above alpha. 

3. No crossing of occipital, parietal or frontal 
profiles except in delta or theta band or if 
crossing in other areas does occur it is because 
3 profiles are so close together it is difficult 
to separate them, e.g., in beta area. Three 
profiles are generally close together, not greater 
than 20 mm. apart except in alpha area. 


Group II 
1. Frontal or parietal area may be as high or 

higher than occipital alpha or nearly so, within 

20 mm. of occipital alpha activity. 

Bimodal alpha peaks may be present. 

Alpha predominance not as clear cut, as in 

group I; may be only 25-50 per cent above 

either theta or beta. 

4. Crossing of occipital, frontal, and/or parietal 
profiles may be seen in activity above alpha 
as well as in delta or theta bands but record 
not otherwise irregular. 


Group III 


1. Activity of ali 3 profiles greatest below alpha 

band. Predominance of slow activity in all 

these areas. Alpha not highest peak. Slope 
of 3 profiles to right. 

Occipital activity generally below frontal and 

parietal response profiles. 

3. Record generally irregular. Three profiles criss- 
eross 3 or more times; profiles may be widely 
separated 20 or more mm. in more than delta 
or alpha area. 


Group IV 
1. Multipeaks. 
2. No clear predominance of delta, theta, alpha 
or beta activity in all 3 areas. 
3. Record generally irregular. Three profiles criss- 
cross 3 or more times, 20 mm. separates profiles 
in more than delta or alpha area. 
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reduce the sampling errors inherent for high 
values of r. The mean intraclass r for the well 
organized group was .78 in contrast to a mean 
r of .13 for the disorganized group. The dif- 
ference between the two groups is highly sig- 
nificant (t = 3.72 P = .001). In this 


sample stability over the cortex, ‘‘ cortical 
organization’’, was significantly related to 
stability of the EEG response over time. 


DISCUSSION 


The EEG throughout its history has been 
primarily a clinical tool. It has been read 
and interpreted by visual inspection and only 
the more gross disorders of wave form have 
been useful for correlation with clinical dis- 
ease entities. By use of the electronic EEG 
analyzer, it has become possible to make com- 
parisons over time, between individuals and 
between areas of scalp recordings that have 
heretofore been difficult or impossible to ac- 
ecomplish. Thus a whole new area for study 
has become available to the research worker 
who is interested in correlating quantitative 
aspects of EEG with other physiological or 
psychological variables. The work that has 
been reported here is only a first approach 
toward establishing some guide lines for 
future research but some of the findings are 
of theoretical interest. Though one certainly 
must be aware of the fact that a resonant 
circuit analyser may over-emphasize rhythmic 
activity to the neglect of sporadic wave forms, 
from our comparison of the analyser records 
with visual inspections and the more tedious 
hand analysis of the record, we feel that such 
errors, if present, do not greatly modify the 
validity of the results presented here. 


It has appeared to us that alpha pattern 
is not merely an occipital phenomenon but 
that it usually dominates the whole EEG and 
that when present it produces a predictable 
stability of EEG response over time and seems 
to lock into place the activity from all areas 
of the cortex. It also seems to matter little 
whether one records from two sealp areas or 
from scalp to (sic) ‘‘indifferent’’ ear. In 
those persons who lack alpha, the records fluce- 
tuate not only from time to time but also from 
scalp area to scalp area. Although from in- 
ception of the science of electroencephalo- 
graphy to the present time alpha has been 
closely linked to visual activity, from these 
results it would seem that it must play some 
more basie¢ role in brain organization. Recent 
research regarding the reticular activating 
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system and the concepts of alerting, attention 
and awareness must fit prominently into the 
picture. The clearly shown quantitative dif- 
ferences in amount of alpha between the first 
and later recordings in the subjects studied 
here would indicate some function of alpha 
that is other than solely visual in nature. This 
shifting in alpha activity may also account for 
the low reliability over time of most present 
classification systems which usually depend 
heavily upon alpha activity. Such shifts in 
amount of alpha may also account for some of 
the conflicting results when alpha activity is 
related to personality and _ physiological 
variables. 


In another paper (Johnson and Ulett), the 
relationship of manifest anxiety to stability of 
EEG activity was explored. Briefly, as ex- 
pected, reduced EEG activity, especially re- 
duced alpha activity, was significantly asso- 
ciated with high manifest anxiety on the 
initial record. However, this relationship was 
not found on either records two or three 
though the anxiety level of the 46 subjects 
remained the same over the time of recording 
of all three records. The conclusion was made 
that it was the interaction of the stress of the 
first laboratory visit and the anxiety level of 
the subject that brought about the reduced 
EEG activity on the first record. The finding 
that the interaction of stress and anxiety tends 
to reduce EEG activity on the initial record 
offers one possible explanation for the shifts 
in amount of EEG activity and offers further 
support to those who recommend serial record- 
ings. 


CONCLUSIONS 


Using an electronic analyser bipolar and 
monopolar resting EEG activity was studied 
in 182 young male adults, with the following 
findings: 

1. The electronic analyzer was found to be 
a reliable and valid technique for quantifying 
EEG activity. 


2. The pattern of EEG activity follows 
closely that found by visual means. The 
greatest activity was found in the alpha range 
with marked individual differences being 
found for all comparisons. 
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3. Parieto-occipital activity was found to 
be similar to monopolar occipital activity in- 
dicating that the occipital area contributes 
most to the parieto-occipital activity. 


4. The shape of the EEG activity profile 
over 24 frequencies was found to be highly 
stable over a 9 month period (3 records), but 
the amount of activity was significantly lower 
on the initial record. However, no difference 
in amount was found on records 2 and 3. 


5. Comparison of the stability of each sub- 
ject’s own EEG profile over the 24 fre. 
quencies revealed that over 50 per cent of the 
profiles were highly stable, but marked indi- 
vidual differences were found. Eight of the 
subjects’ profiles were not significantly re- 
lated over 3 trials with shifts in the amount of 
activity and not changes in shape of profile 
being responsible for the low correlations. 
Subjects with high alpha record showed the 
least change over time. 

6. Distribution of monopolar activity in 
occipital, parietal and frontal areas were all 
similar and also similar to activity in the 
parieto-occipital area. The greatest activity in 
all areas was in the alpha range. 

7. Stability of monopolar activity was 
similar to the stability of parieto-occipital ac- 
tivity over time. 

8. Organization over the cortex was 
examined by comparing the relationship of 
profiles of activity in occipital, parietal, and 
frontal areas. Four definite groups with re- 
spect to cortical organization were found. 
Sixteen subjects had high occipital alpha with 
well organized activity. Seventeen had well 
organized cortical patterns, but no prominent 
occipital alpha. Eight had predominant slow 
activity with general disorganization and 5 
subjects had multipeaks of activity with gen- 
eral disorganization of the electroencephalo- 
cram. 

9. Poor organization of brain wave activ- 
ity recorded from the 3 monopolar leads was 
significantly related to instability of EEG 
activity over time. 


RESUME 


On a étudié chez 182 jeunes adultes du 
sexe masculin a l’aide d’un analyseur électro- 


du 


ro- 
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nique l’activité électroencéphalographique de 
base en dérivation monopolaire et bipolaire. 

1. L’analyse électronique s’est avéré étre 
une technique valable pour évaluer 1’activité 
électroencéphalographique. 

2. L’allure générale de 1’activité électro- 
encéphalographique a été la méme que celle 
qu’on trouve par inspection visuelle du tracé. 
On a trouvé |’activité la plus importante dans 
le groupe des ondes alpha, quoiqu’il y ait eu 
des différences individuelles assez importantes 
parmi tous les tracés comparés. 

3. L’activité enregistrée au niveau des 
aires pariéto-occipitales a été semblable a 1’ac- 
tivité enregistrée en dérivation monopolaire 
au niveau de l’aire occipitale, indiquant que 
l’aire occipitale contribue d’une fagon impor- 
tante a l’activité pariéto-occipitale. 

4. Le profil de 24 bandes de fréquence de 
activité électroencéphalographique chez le 
méme sujet a revétu le méme aspect au cours 
d’une période de neuf mois (3 enregistre- 
ments), mais le total de 1’activité du premier 
enregistrement a été plus bas. Néanmoins, il 
n’y avait pas de différences quantitatives 
entre le second et le troisiéme enregistrement. 

5. La comparaison de différents profils 
électroencéphalographiques dans les 24 bandes 
de fréquence pour chaque individu a mis en 
évidence que 50 pour cent des profils étaient 
stables, mais les différences entre différents in- 
dividus sont trés marquées. Huit profils EEG 
des sujets examinés n’ont pas montré de corré- 
lation entre les trois enregistrements. Ce man- 
que de corrélation n’était pas di a des va- 
riations dans la forme des profils mais a la 
variation de l’activité totale. Les sujets pré- 
sentant une activité alpha élevée ont montré 
EEG le plus stable. 

6. L’activité électroencéphalographique en 
dérivation monopolaire dans les aires occipi- 
tales, pariétales et frontales a été similaire et 
elle a ressemblé A l’activité de l’aire pariéto- 
occipitale. Dans toutes les aires la fréquence 
alpha a montré 1’activité la plus importante. 

7. La stabilité dans le temps de 1’activité 
en dérivation monopolaire a été comparable 
4 la stabilité de l’activité pariéto-occipitale. 

8. L’organisation corticale a été examinée 
en comparant la relation des profils de 1’ac- 
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tivité dans les aires occipitales, pariétales et 
frontales. On a noté quatre groupes en ce qui 
concerne 1’organisation corticale. Seize per- 
sonnes ont montré un rythme alpha occipital 
important avec une activité bien organisée. 
Dix-sept personnes ont présenté une activité 
corticale bien organisée, mais pas de rythme 
alpha occipital. Huit personnes ont montré 
une activité de base lente avee une désorgani- 
sation générale et chez 5 personnes plusieurs 
sommets d’activité avec une désorganisation 
générale de 1’7EEG ont été observés. 


9. Une relation définitive a pu étre établie 
entre un tracé mal organisé enregistré en trois 
dérivations monopolaires et 1’instabilité dans 
le temps de l’activité EEG. 


ZUSAMMENFASSUNG 


Mit Hilfe eines elektronischen Frequenz- 
analysators wurden die mit bipolarer und mo- 
nopolarer Technik aufgenommene Ruhe- 
EEGs von 182 jungen mannlichen Erwach- 
senen untersucht. Die folgenden Befunde 
wurden erhoben : 


1. Der elektronische Frequenzanalysator 
erwies sich als ein zuverlassiges Instrument 
um die elektroenzephalographische Aktivitat 
quantitativ zu untersuchen. 

2. Die allgemeinen Charakteristika der 
elektroenzephalographischen Aktivitat, wie sie 
sich auf Grund der Analysatorbefunde pra- 
sentieren, sind in guter Uebereinstimmung mit 
denjenigen, welche durch direkte visuelle 
Inspektion ermittelt’ werden. Die vorher- 
schende Aktivitat ist diejenige im Alpha- 
Band. Betrachtliche individuelle Unter- 
schiede wurden in allen Vergleichsuntersu- 
chungen festgestellt. 

3. Die Aktivitat der Parieto-Okzipitalre- 
gion war ahnlich derjenigen, wie sie mit mono- 
polarer Technik in der Okzipitalgegend auf- 
gezeichnet wurde, ein Indiz dafiir, dass es 
hauptsachlich die Okzipitalgegend ist, welche 
zur parieto-okzipitalen Aktivitat beisteuert. 

4. Der Umriss des elektroenzephalographi- 
schen Aktivitétsprofils von 24 Frequenzen 
erwies sich als sehr stabil iiber eine Beobach- 
tungsdauer von 9 Monaten (3 EEG-Unter- 
suchungen), jedoch was der Grad der Ak- 
tivitat in signifikanter Weise niedriger in der 
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ersten EEG-Kurve. Kein Unterschied jedoch 
wurde gefunden im Grad der Aktivitat zwis- 
chen der zweiten und dritten EEG-Kurve. 

5. Ein Vergleich der Stabilitat des EEG- 
Profils tiber einen Bereich von 24 Frequenzen 
zeigte, eine hohe Stabilitat dieses Profils in 
50 Prozent aller Individuen, wenn nur Kurven 
eines und desselben Individuums mit einander 
verglichen wurden. Ein Vergleich jedoch der 
Kurven, welche bei verschiedenen Individuen 
aufgenommen wurden, zeigte eine grosse 
Variationsbreite. 8 Individuen zeigte Profile, 
welche in 3 Untersuchungen keine signifikan- 
ten Korrelationen ergaben, aber diese Veran- 
derungen waren Variationen im Grad der 
Aktivitaét und nicht solehen in der Form des 
Profils zuzuschreiben. Individuen mit her- 
vorstechender Alpha-Aktivitaét zeigten die 
geringsten Veranderungen innerhalb einer 
gewissen Zeitspanne. 

6. Die Verteilung der Aktivitat in okzi- 
pitalen, parietalen und frontalen Regionen, 
welche mit monopolarer Technik aufge- 
nommen wurde, zeigte eine grosse Aehnlichkeit 
der Aktivitaten dieser Regionen unter sich 
und auch mit derjenigen, welche in der 
parieto-okzipitalen Gegend aufgezeichnet 
wurde. Die grosste Aktivitat in allen Re- 
gionen war im Alpha-Band. 


7. Innerhalb einer gewissen Zeitspanne 
war die Stabilitat der monopolar aufgezeich- 
neten Aktivitét ahnlich derjenigen der 
parieto-okzipitalen Aktivitat. 

8. Die Organisation der Aktivitaét in ihrer 
Verteilung itiber die Hirnrinde wurde unter- 
sucht, indem die Verhaltnisse der Profile der 
okzipitalen, parietalen und frontalen Akti- 
vitaten verglichen wurden. Vier klar um- 
rissene Gruppen konnten in Bezug auf kor- 
tikale Organisation aufgestellt werden. Sech- 
zehn Individuen zeigten hoch-amplitudige 
okzipitale Alpha-Aktivitat mit guter Organ- 
isation. Siebzehn zeigten gut organisierte 
Rindenaktivitat, aber keinen prominenten 
okzipitalen Alpha-Rhythmus. Bei 8 Indi- 
viduen wurde eine vorherrschende langsame 
Aktivitét mit generalisierter Desorganisation 
der Rindenaktivitét festgestellt und bei 5 
Individuen wurde ein Profil mit mehreren 
Spitzen beobachtet mit einer generaliserten 


Desorganisation des elektroenzephalographi- 
schen Grundrhythmus. 

9. Das Bestehen einer schlecht organisier- 
ten Gehirnaktivitaét, aufgezeichnet in drei mo- 
nopolaren Ableitungen, wies eine signifikante 
Korrelation auf mit einer Unstabilitat der 
elektroenzephalographischen Aktivitat inner- 
halb einer gewissen Zeitspanne. 


The authors wish to express their thanks to Dr, 
Warren Mills for his clinical assistance, to Miss Mar- 
garet Johnson, R. N., Mrs. Margaret Johnson, M. A. 
(EEG Technicians) and Mrs. Joan Hafner (Sta- 
tistical assistant). Our special thanks to Dr. Saul 
B. Sells, formally School of Aviation Medicine, for 
his advice, cooperation and continued interest through- 
out the research. 
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In the diagnosis of convulsive disorder and 
in the search for cortical pathology, hyper- 
ventilation and sleep are widely accepted as 
diagnostic ‘‘activation’’ techniques. Hyper- 
ventilation is the more often used of the two 
but there has been a recent increase of interest 
in sleep recording. Considerable attention has 
been given to the procedure of hyperventila- 
tion and to theories explaining the EEG 
changes that are produced (Bickers 1953; 
Darrow et al. 1944; Davis and Wallace 1942; 
Drohochi 1954; Gibbs e¢ al. 1942; Silverman 
1956; Smith 1950) but there have been few 
normative studies dealing with the distribu- 
tion and stability over time of EEG changes 
during hyperventilation. Also little attempt 
has been made to develop a quantitative tech- 
nique to evaluate the changes in EEG activity 
during hyperventilation, hence the studies to 
date have been based on subjective evaluations 
with little or no concern as to the stability 
and reliability of the findings. 


1 This research was done under Air Force Contract 
18(600)-927 concerned with individual variability and 
concomitant situational, personality, physiological and 
neurological factors in photically stimulated EEG 
responses. Paper was read at the 1958 meeting of the 
American Electroencephalographie Society at Atlan- 


tie City. 


Studies of EEG ‘‘activation’’ by photic 
stimulation have had considerable recent 
clinical interest: Here atttention has been 
focused upon the appearance of slow, spiking 
or paroxysmal responses in the EEG evoked 
by exposure to the flashing light. Usually the 
elicitation of such patterns is facilitated by 
repeated injections of a convulsant drug 
(Metrazol, Fazole, ete.). The smaller the 
amount of drug needed (i.e., the lower the 
‘‘activation threshold’’) the more likely the 
diagnosis of paroxysmal disorder will be made. 
The occurrence of such patterns, produced by 
light alone, without any drug, would seem to 
imply the lowest possible threshold (Gastaut 
1950). Low thresholds have been reported to 
relate significantly not only to seizure dis- 
order (Gastaut 1950; Herrlin 1954; Lieber- 
man et al. 1954) but also to schizophrenia 
(Chamberlain and Gordon-Russell 1953; Gas- 
taut 1950; Leffman and Perlo 1955), to hys- 
teria (Gastaut 1950) and to behavior disor- 
ders in children (Mundy-Castle 1953). How- 
ever, we have observed that healthy young 
males with no elicited personal or family his- 
tory of convulsive disorder may have their 
first and perhaps only seizure, induced by 
light alone (Ulett et al. 1953). Also we have 


[ 251] 


952 GEORGE A. ULETT, LAVERNE C. 


failed to corroborate reports of a lowered con- 
vulsive threshold in schizophrenia (Smith et 
al. 1957). Both these findings have raised 
serious questions as to the clinical significance 
of this type of activation. 


The present studies were conducted in 
order to increase our understanding of activa- 
tion as well as to establish for future studies 
baseline data on the pattern and stability of 
activation. This report is concerned with (1) 
the normative characteristics of activation 
elicited by photie stimulation, hyperventila- 
tion, and sleep when measured by an objective 
seale; (2) the stability of the activation re- 
sponse over a three-year period; (3) the rela- 
tionship among the three activation techni- 
ques, and (4) the relationship of activation to 
resting EEG activity, physiological and psy- 
chological variables, and to a neuropsychiatric 
examination. An earlier report concerned 
with the quantification, stability and corre- 
lates of photic driving patterns, along with 
initial findings concerned with the pattern 
and stability of photic activation, has been 
previously published (Ulett and Johnson 
1958). 


PROCEDURE 


Subjects. The subjects of the research 
were the total freshman class of a local pro- 
testant seminary (N — 182, mean age at start 
20.2 years, standard deviation 1.02). From 
this total group 50 were selected for repeat 
examinations within a three year period. The 
follow-up sample was selected with reference 
to degree of activation by photic stimulation 
and basic EEG pattern. This was done by 
visual inspection of the record without the aid 
of a quantitative scale. The representativeness 
of this selection to a later quantitative classi- 
fication is presented in an earlier paper (Ulett 
and Johnson 1958). 


Photic Stimulation and EEG Examina- 
tion. Photie stimulation was produced by an 
episcotister developed in Bliss laboratory 
(Ulett and Johnson 1958). The frequency of 
stimulation could be varied at will from 3 to 
33 flashes per second. The intensity of light 
measured on the distal side of the opal glass 
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screen was 200 foot candles centrally and fell 
roughly to 100 candles peripherally. All sub- 
jects were seated as close to the screen as 
possible, usually at a distance of 6 to 12 inches, 
The whole visual field) was thus filled with 
light stimulus. 


A Gilson 8-channel electroencephalograph 
was used with conventional calibration and 
filtering. Scalp-to-scalp recording by means 
of needle electrodes was employed. The pa- 
rieto-occipital electrode pair was carefully 
placed in an attempt to keep the location of 
the leads comparable from person to person 
and from trial to trial. The occipital lead was 
placed 1 cm. above and 2 em. lateral to the 
inion. The parietal lead was placed above the 
external auditory meatus and lateral from 
sagittal plane one third of the distance from 
the mid-vertex to the external auditory 
meatus. 


The EEG recording procedure was as fol- 
lows: 


1. Ten min. of resting record taken with 
eyes closed. 


2. Five min. of resting record taken with 
eyes open. 


3. Photie driving survey (with eyes open) 
consisting of a 40 see. exposure (with 
a 40 sec. interval between each expo- 
sure) to each of 24 different frequen- 
cies (3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5, 7, 8, 9, 
10, 3, 34, 30.0, 15, 165. 18, 20, 3 
24.5, 27, 30, 33). 


4. EEG recording during 4 min. of hyper- 
ventilation. 


QUANTIFICATION OF PHOTIC 
ACTIVATION PATTERNS 


As these data have been presented in detail 
elsewhere (Ulett and Johnson 1958) only a 
summary of the development of the photic 
activation scale, and the photic activation re- 
sults will be presented here. The reader who 
intends to use the activation scale is urged 
to read the earlier publication for a detailed 
account of the background and construction 
of the scale. The analysis of photie activation 
was based on the initial record of the total 
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sample, N= 182, on a second record of the 
total group remaining in the second year, 
N =— 159, and on 44 subjects who were exa- 
mined 9 times over a 3 year period. Attri- 
tion was due to change of vocational interest 
or scholastic failure. 

Using the activation scale, presented in 
table I, a rating of 1 (no activation or ir- 
regularity) to 5 (extreme irregularity) was 
given for each of the 24 stimulation frequen- 
cies making a total of 24 ratings for each 
record. In figure 1 are typical photic activa- 
tion responses as scored on the 5 point seale. 
Marked activation (4 ratings) were most often 
found above 8 @/see. and extreme activation 
(5 ratings) were never found below 9 @/sece. 
The majority of 5 ratings were found at 13.5 
and 15 ¢/see. 

On the basis of the number of 1, 2, 3, 4, 
or 5 ratings received, a weighting procedure 
was devised which would allow each record 
to receive a total activation score. A _ geo- 
metric weighting system with a base of three 
in which a rating of one was given a weight 
of 1, a two rating a weight of 3, a three rating 
a weight of 9, a four rating a weight of 27, 
and a rating of five a weight of 81, was used. 
From the distribution of these weighted scores 
for each record and clinical evaluation the 
following cutting points were used for divid- 
ing the subjects into four activation groups; 
24-139 no activation response, driving may 
be seen but no irregularity, 140-239 moderate 
activation, 210-279 marked activation, and a 
weighted score of 280 or above was classified 
as extreme activation. 


Stability of Photic Activation. Asa group, 
the response to photie stimulation was signif- 
icantly consistant between records one and 
two, Pearson correlation coefficient .69. The 
majority of the subjects on both records one 
and two showed no activation, 78 per cent, 
while a small per cent 4.4, were called extreme 
activators. These percentages were the same 
on both records one and two. Examination 
of the individual records revealed a similar 
degree of consistency. The greatest stability 
was in the no activation and extreme activa- 
tion groups. Of the 216 records classified as 
no activation, on either one or both records, 


TABLE I 
ACTIVATION SCALE 


Classification of Activation Pattern Induced by 
Hyperventilation or by Intermittent 
Photie Stimulation 


1. No Irregularity 
Classify as regular those sections: 
(a) in which groups of waves of similar amplitude 
and frequency occur in trains without marked 
changes between; 
(b) those sections in which groups of waves of 
slightly dissimilar (1 or 2 units) frequency oceur 
for major part of record. 


bo 


Slight Irregularity 


To classify a section as slightly irregular LVS, 
LVF, MF and §, §,, F, consider the following: 
(a) no persistent clearly defined frequency is eb- 
servable, or several different countable frequencies 
of greater than 1 to 2 units change are seen; 
(b) the wave forms are of moderate complexity, 
some sine configurations are seen; 

(c) generalized slowing of 4-7/see. frequency total- 
ing at least 1 see. duration in 10. 


3. Moderate Irregularity 
To classify a section as moderately irregular con- 
sider the following: 
(a) predominantly non-sine wave configurations 
are seen ; 
(b) subsequent waves are generally dissimilar in 
frequency and amplitude from the preceding waves; 
(c) sharp changes in amplitude are seen; 
(d) generalized slowing 0-3/see. frequency under 
100 yV. 


4. Marked Irregularity 
Classify as markedly irregular those sections in 
which waves of at least 100 wV. are seen, at least 
twice the background activity. At least one def- 
inite classically abnormal wave pattern is seen, or 
0-3 frequency occurring paroxysmally or over 150 
uV. for less than 1 see. 


5. Extreme Irregularity 

Classify as extremely irregular those sections in 
which classically abnormal or paroxysmal wave 
forms are seen for at least one second’s duration. 
The extremely disturbed activity is over 4 times 
the background activity or over 150 uwV. 


General Considerations: 

1. In the situation in which a flicker frequency is 

repeated or two or more classifications might be 

identifiable within a 40 see. strip at a given fre- 
quency, the highest rating will be assigned. 

‘*Classically abnormal wave patterns’’ in 4 and 5 

are defined as spike and wave, single spike, succes- 

sive spikes, ete. 

3. The situation in which alpha patterns come and go 
will ordinarily be classified as regular if alpha 
persists over the major part of the strip. 

4, A paroxysm is a sudden burst of electrical activity 
differing in character from the background rhythm. 
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87.4 per cent showed no change while only 
32.7 per cent of 49 records classified as mod- 
erate activators remained the same on both 
records. No marked activators were found 
to be consistent on both trials. The greatest 
number of changes were from no activation 
to moderate activation. 

Stability of Photic Activation Over Three 
Years (Nine Records on each Subject). The 
degree of relationship among the 9 trials was 
estimated by use of an intraclass correlation 


PHOTIC 


5 shifts over the 9 trials. Again those records 
classified as showing no activation were found 
to be the most stable. One subject’s record 
was classified as an extreme activator on 8 of 
the records and a marked activator on the 
9th. Among the other individuals there was 
considerable shifting from category to eat- 
egory. In 4 subjects, shifts occurred from no 
activation to an extreme activation response. 

Photie activation was also related to the 
Gibbs’ type classification of resting EEG 
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Fig. 1 
Typical photic activation response for each of the 5 points on the activation scale. 


Frequency of photic stimulation: 1: 
5: 9 fl/see. 


Vertical bar: 50 ~V. Horizontal bar: 1 see. 


coefficient computed from the activation score 
for each record. This correlation was .85 
which indicates a high degree of consistency 
over the 9 records for this group. Fifty per 
cent of the records were placed in the same 
activation category on 7 or more of the 9 
trials. No subject’s record showed more than 


10 fl/see. 2: 13.5 fl/see. 3: 15 fl/seec. 4: 22 fl/see. 


activity, psychiatric and neurological history 
and examination, certain physiological va- 
riables, and a battery of psychological tests 
which measure feelings of dysphoria or anxi- 
ety. No significant relationship was found 
between photic activation and any of the va- 
riables. The reader is again referred to the 
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earlier report (Ulett and Johnson 1958) for 
a detailed description of these comparisons. 


PATTERNS AND STABILITY OF ACTIVATION 
INDUCED BY HYPERVENTILATION 


As part of the experimental procedure, 
each subject was asked to hyperventilate for 
a period of 4 min. following the photic stim- 
ulation session. Hyperventilation records thus 
were available on the total sample for two 
trials and on the follow-up sample of 44 sub- 
jects for 9 trials over a 3 year period. The 
analysis was based upon the first 180 sec. of 


the fourth minute which was not seen during 
the second or third minute of hyperventila- 
tion. The activation responses which were 
first seen during the fourth minute were gen- 
erally not as pronounced as those occurring 
earlier. 

To facilitate comparison of the activation 
response induced by hyperventilation and 
photie induced activation the same activation 
rating scale was used, table [. Figure 2 illus- 
trates typical hyperventilation activation 
ratings in the 5 categories. The photic activa- 
tion raters were not used for the hyperventila- 
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Fig. 2 


Typical hyperventilation activation response for each of the 5 points on the activation. 
Seale. Vertical bar: 50 ~.V. Horizontal bar: 1 sec. 


hyperventilation because the record was stop- 
ped if a marked or paroxysmal EEG response 
appeared. Twenty-three records on trials one 
and two combined (N =— 247) were stopped 
during the fourth minute and all of these were 
classified as extreme activation on the basis 
of the first 3 min. of record. This did not in 
any way distort the results as it was found, 
as also reported by Drohochi (1954), that the 
maximum EKG changes occurred during this 
3 min. period. Out of a total of 247 records 
examined there were only 11 instances in 
which an activation response was found during 


tion study, but one of the raters used in the 
photic activation study was utilized to check 
the reliability of the new rater. A rating of 
1 to 5, based on the degree of irregularity 
present, was given for each 10 sec. period of 
hyperventilation making a total of 18 ratings 
for each record. The per cent agreement be- 
tween the new rater and the experienced rater 
for 10 records, 180 ten second interval ratings, 
was 92 per cent. Agreement of this new rater 
with himself when asked to re-rate 10 records 
(180 ten second interval ratings) was 91 per 
eent. These figures support those reported 
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earlier (Ulett and Johnson 1958) again in- 
dicating high reliability for the activation 
seale. The same weighting and classification 
procedures used for the analysis of photic 
activation were used here. Based upon the 
sum of the 18 weighted ratings, the cutting 
points for dividing the subjects into 4 activa- 
tion groups were: 18-139-no activation, 140- 
209-moderate activation, 210-279-marked ac- 
tivation, and a total weighted score of 280 or 
above was classified as extreme activation. 
The range of scores was from 18 to 1308. 
Categorization of the records using clinical 
judgments indicated the above cutting points 
to be valid. 

In table II is the distribution of hyper- 
ventilation activation patterns for record 1 


TABLE II 


Distributions of Hyperventilation Activation Patterns 


TYPE OF ACTIVATION N Per cent 
Record 1 (N = 164) 
Noe setiwation. . 2. « & & 132 80.5 
Moderate activation .. .. .. .. 5 4.3 
Marked activation .. .. .. 0. ¢ 13 
Extreme activation ... .. ... .. .. 23 14.0 
Record 2 (N = 150) : 
me ettvetion . 2... .§. . 104 69.3 
Moderate activation .. .. .. .. 11 7.3 
Marked activation ... .. .. .. .. 10 6.8 
Extreme activation ... .. .. .. .. 25 16.7 
and record 2 for the total sample. Some 


changes from record 1 to record 2 are evident. 
There was a smaller number of non-activators 
on record 2 with an increase in moderate and 
marked activators, but the percentage of 
extreme activators remained almost the same. 
Though there was increased activation on re- 
eord 2 the difference in percentage for the 
no-activation group was not quite significant, 
t — 1.84. However, this tendency for activa- 
tion to increase over a series of records was 
significantly confirmed in the analysis of the 
data over the three year period. 

As the clinical electroencephalographer is 
usually concerned not only with the degree of 
activation but also its persistence after hyper- 
ventilation is stopped, an analysis was made 


of the length of time required for the ERG 
to return to the prehyperventilation level for 
those classified as moderate, marked, and ex. 
treme activators. Though there was much 
overlap with the modal time in each category 
being 20 sec. before return to the prehyper- 
ventilation state, there was a tendency for the 
more disturbed records to require a longer 
recovery period. The mean recovery time for 
the mild activation group was 25 sec., mean 
time for the moderate activation group was 
30 sec., and the mean time for the extreme 
activators was 35 see. Also only 7 per cent 
of the moderate and marked activators re. 
quired over one minute to return to the pre- 
hyperventilation state and none required more 
than 80 sec. In contrast, 14 per cent of the 
extreme activators required over 60 sec. for 
recovery and 3 of these required 2 min. for 
complete EEG recovery. Thus as expected, 
the more disturbed the EEG record, the longer 
the recovery period but again there was no 
significant relationship between degree of 
activation and time to recover after hyper- 
ventilation was stopped. Three of the subjects 
who took over 60 see. to recover were also not 
consistent activators over the 9 trials. As no 
similar phenomenon occurred with photic 
stimulation, no attempt was made to compare 
these hyperventilation data with the findings 
of photic activation. 


Stability of Hyperventilation Activation. 
Stability of activation patterns for the 140 
subjects, seen twice and on whom complete 
hyperventilation records were available, was 
examined by: (1) correlating the total activa- 
tion scores obtained by each subject on re- 
cords 1 and 2; (2) tabulating the subjects 
who remain in the same eategory; e.g., no 
activation, moderate activation, ete., on both 
records; and (3) noting the types of shifts 
that occurred. 

A contingency coefficient of relationship 
was used as the data were both skewed and 
bimodal. Records 1 and 2 were divided into 
two groups for this comparison as follows: no 
activators, weighted score below 140; and 
activators, weighted score above 140. A signif- 
icant relationship between activation on both 
records 1 and 2 was found, contingency coef- 
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ficient .32, chi square 15.84, p. .001 level. How- 
ever, those showing no activation account for 
most of this stability. One hundred and 
twenty-four subjects were classified as non- 
activators on either record 1 or 2. Of these 
124, 90 (73 per cent) showed no activation on 
both. In contrast, of the 52 subjects who 
activated on either record 1 or 2, only 16 (30.0 
per cent) activated on both records. Further 
indications of the instability of the activation 
response during hyperventilation are found 
in table III where stability with respect to 


TABLE III 


Distribution and Types of Change of Hyperventila- 
tion Activation Over Two Records (N = 140) 


Subjects showing: N Per cent 
No activation both trials pe 90 64.3 
Moderate activation both trials 0 0 
Marked activation both trials .. 0 0 
Extreme activation both trials . 7 5.0 

Types of Change: 
No activation to moderate .. .. 8 5.7 
No activation to marked . ... .. 3 2.1 
No activation to extreme* ..... .. 22 15.7 
Moderate activation to marked 1 0.7 
Moderate activation to extreme 4 2.8 
Marked activation to extreme .. 5 3.5 


* All but 7 of changes were to more activation 
on record 2. 


the four categories is listed. No moderate or 
marked activators were found to be stable and 
only 7 extreme activators were consistent on 
both records. There were 438 changes in eat- 
egory placement from record 1 to 2, and half 
of these, 22, were from no activation to an 
extreme response. In all but 7 of these, the 
extreme response occurred on record 2. 

In summary, most subjects showed no 
activation response during hyperventilation 
while a small percentage, 14.0, showed an ex- 
treme cortical response. The distribution of 
activation was bimodal, with peaks at no activ- 
ation and extreme activation with a few mod- 
erate activators. The activation response was 
stable primarily for non-activators with those 
showing activation being generally unstable. 
There was a shift toward more activation on 
record 2. 


Stability of Hyperventilation Activation 
Over Three Years, Nine Records. The intra- 
class correlation coefficient used to estimate 
the degree of stability of photic activation 
over 9 records was not applicable to hyper- 
ventilation activation records because of their 
extreme skeweness and bimodal distribution 
and the lack of homogeneity of variance over 
the 9 trials. However, an estimate of the 
stability can be achieved from examination 
of tables IV and V. In table IV is listed the 


TABLE IV 


Stability of Hyperventilation Activation Over Three 
Years, Nine Records (N = 41) 


N Per cent 
Same category 9 trials* ... ... .. 16 39.0 
Same category 8 trials** ... .. 5 12.2 
Same eategory 7 trials .. ... ... .. 8 19.5 
Same category 6 trials .. .. .. .. 7 17.1 
Same eategory 5 trials .. .. . 2 4.9 
Same category 4 trials .. .. ... ... 3 7.3 


*3 elassified as extreme activation; 13 as no 
activation. 

** 9 elassified as extreme activation; 3 as no 
activation. 


number of subjects whose records remained 
in the same category, i.e., no activation, mod- 
erate activation ete., over 9 trials, 8 trials, 7 
trials, ete. In table V the types of shifts that 
occurred are listed. 


Of the 41 subjects upon whom complete 
records were available for all 9 trials, 3 were 
eliminated because of marked artifacts in 2 
or more records, 16 or 39 per cent showed no 
changes in category over the 9 trials. As 
expected most of these, 18, were non-activators. 
However, 5 subjects rated as showing extreme 
activation were also highly consistent ; 2 were 
stable over 8 trials, 3 over all 9. These 5 are 
part of the 7 listed in table III as extreme 
activators on record 1 and 2 as table III in- 
cluded the total sample of which this follow-up 
eroup was a part. Thus, as with photic stim- 
ulation, it would appear that there was a very 
small number of subjects who consistently 
showed cortical instability to activation tech- 
niques, but the activators as a group were 
very unstable from trial to trial. 
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The types of change listed in table V again 
indicate that the biggest change is from no 
activation to extreme activation. The results 
in table V also indicate that it is hazardous 
to predict how an individual will respond to 


TABLE V 
Types of Changes Over Three Years, Nine Records 
(N = 41) 
N Per cent 
ek ea as ah oe 16 39.0 
No activation to moderate ... ... ... 5 12.2 
No activation to extreme .. ... .. 13 31.7 
Moderate to marked activation 4 9.8 
Moderate to extreme activation 1 2.4 
Marked to extreme activation .. 2 4.9 


hyperventilation on each of a series of records, 
and it would seem that to base a diagnostic 
evaluation on such an unstable measure, 
especially on the basis of one record, is a 
questionable procedure. 

In comparing records 1 and 2, it was noted 
that more activation was found on record 2 
although this was not quite significant. The 
results in table VI, where the means and 
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first to the third record for each year, i.e 
records 1 to 3, 4 to 6, and 7 to 9. 

Relation of Hyperventilation Activation to 
Other Variables. As with photic activation, 
the activation response induced by hyper. 
ventilation was studied in relation to resting 
EEG classification, psychiatric and neuro. 
logical history and examination, and a bat. 
tery of psychological tests which measure feel- 
ings of dysphoria or anxiety. In addition, the 
relationship of photic activation to hyper. 
ventilation activation was also examined. 

Relation to Resting EEG. As with photic 
activation no relationship was found between 
a Gibbs’ type classification of the resting EEG 
and hyperventilation activation. Examination 
of table VII reveals that some subjects with 
normal resting EEG records showed extrenie 
activation, while 3 of the 4 with paroxysmal 
resting EEG records were classified as non- 
activators. However, because of the small num- 
bers in the other than normal resting EEG 
categories, it can not be stated conclusively 
that there would not be more activation in 
these categories than in the normal if more 
subjects were examined. 


’ 


TABLE VI 


Means and Standard Deviations of Hyperventilation Activation 
Scores Over Nine Trials 


, | ORRIN € at ieee eee ee 1 3 3 
adie ie le ee ee 43 42 41 
ee ke 121.6 118.6 203.0 


Standard deviation ....... 187.1 175.2 262.2 


+ 5 6 7 8 9 
44 44 44 43 ° 4] 41 
204.2 225.9 252.5 249.5 253.6 286.0 
262.8 272.4 264.8 331.8 302.7 352.9 


* N varies because some records were not analyzable due to artifact. 


standard deviations for the 9 records are 
listed, also show an increase in mean activa- 
tion and variability over the 3 year period. 
To test this increase for significance, a non- 
parametric analysis of variance technique was 
used, Friedman’s two-way analysis of variance 
by ranks (Seigal 1956). The results indicate 
that the increase in activation over the 9 re- 
cords could occur by chance less than one time 
in a thousand. Examination of the figures in 
table VI reveals that the greatest change took 
place on record 3 but also seen is an increase, 
though not always a significant one, from the 


Comparison of the response to hyperven- 
tilation, and the degree of irregularity found 
in the resting record as quantified by the 
activation scale, revealed that those classified 
as showing a moderate or greater degree of 
resting irregularity also showed more activa- 
tion during hyperventilation. Nine (29.0 per 
eent) of the 31 subjects whose resting record 
was given a rating of 3, 4, or 5 were called 
extreme activators and 1 (3.2 per cent) was 
classified as a marked activator during hyper- 
ventilation. In contrast for the 133 subjects 
rated as having no or only slight irregularity 
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in their resting records only 15 (11.2 per cent) 
were called extreme activators and 2 (1.5 per 
cent) marked activators, during hyperventila- 
tion. The difference between the two groups 
is significant at the .02 level, chi square 5.59. 


TABLE VII 


Relationship of Basic EEG Classification and 
Response to Hyperventilation 


No Moderate Marked Extreme 


Activa- Activa- Activa- Activa- 
tion tion tion tion 

Normal 

(N = 132) 109 6 i) 17 
8, (N = 12) 7 — 1 4 
F, (N = 2) 2 ~— soon — 
Paroxysmal 

(N = 4) 3 1 (en ean 
Mixed fast 

slow (N = 8) 7 -= 1 _— 
Low voltage 

fast (N = 4) 3 a ats dik 


These findings are similar to those of 
Buchthal and Lennox (1953) with respect to 
the greater amount of activation found in sub- 
jects with irregular resting records. However, 
there is a discrepancy between their findings 
and those of this study with respect to the 
number of subjects who activate during photic 
stimulation and hyperventilation. They re- 
ported that photic stimulation was 7 times as 
effective as hyperventilation in eliciting a 
paroxysmal response. We, however, found 
that more of our subjects had an extreme 
activation response during hyperventilation. 
In view of our similar findings in other areas 
this discrepancy could be due, in part, to a 
greater cooperativeness of our vigorous, 
healthy young subjects with respect to heavy 
breathing. An indication of how this coopera- 
tion in heavy breathing seems to have in- 
creased is the fact that in the ninth record, 
25 per cent of our follow-up group was clas- 
sified as extreme activators while only 11.6 
per cent of the same group were classified as 
having such a response on record one. 

Relation to Psychiatric, Psychological Va- 
riables. No relationship was found between 
hyperventilation activation response and the 


259 


psychiatric, neurological or psychological 
examination. The homogeneity of the sample 
with respect to the psychiatric and neuro- 
logical variables may be a limiting factor. 
Another limiting factor was the small per 
cent showing activation. On record one for 
example, 8 subjects showed extreme activa- 
tion and the remaining 48 were all classified 
as non-activators. However, only one of these 
8 extreme activators was listed as showing 
positive psychiatric or neurological symptoms, 
or family history of either. This one subject 
showed upon neurological examination an 
hereditary type of nystagmus and tremor. 
Activation thus may occur in the absence of 
demonstrable neurological signs. Five of the 
8 subjects with extreme activation records 
have above average anxiety scores, 3 below 
average. 

Relationship of-Photic Activation to Hyper- 
ventilation Activation. In comparing the dis- 
tribution of photic activation with the dis- 
tribution of activation during hyperventila- 
tion both similarities and differences are 
found. On record 1 in both eases no-activation 
was the predominant finding, 78 per cent and 
80.5 per cent respectively. A much smaller 
per cent, however, showed an extreme activa- 
tion response to photic stimulation, 4.4 per 
cent contrasted with 14.0 per cent for hyper- 
ventilation. However, there was more mod- 
erate and marked activation induced by photic 
stimulation. 


On record 2, the photie stimulation dis- 
tribution remained very similar to that of 
record 1, but the hyperventilation distribution 
changed with an increase in the moderate, 
marked and extreme activation responses. 
Though, because of the distribution, a Pearson 
r could not be computed for hyperventilation 
to compare with the Pearson r of .69 for 
photic activation over 2 records, a contingency 
coefficient could be computed for both and 
a crude comparison made. The contingency 
coefficient for photic activation was .42, chi 
square 30.6, the coefficient for hyperventila- 
tion was .32, chi square 15.84. This difference 
in correlation plus the changes in distribution 
from record 1 to record 2 indicate that for 


‘this group photic activation seems to be more 
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stable and this stability may be due in part 
to the passive role of the subject. This point 
will be explored further in this report. 


This difference in distribution and stabil- 
ity between the two activation techniques is 
more clearly seen in the activity over the 9 
records. First the distribution is consistently 
bimodal for hyperventilation activation with 
peaks at no-activation and extreme activation 
while that for photic distribution, though 
skewed, is more continuous. Second there is 
an inerease in hyperventilation activation 
from record to record with the greatest re- 
sponse on record 9. While there is an increase 
in photic activation from the first to the third 
record of each school year there is no con- 
sistent increase from the first to the third 
year. These results would suggest that the 
activation response to photic stimulation is a 
more stable response than the activation re- 
sponse to hyperventilation. However, both 
seemed to be lower on the first examination 
than on subsequent trials. While record 2 
seems to reveal the optimal, and seemingly the 
most valid, measure of photic activation, the 
same cannot be said of the second hyperven- 
tilation record. It would be difficult to decide 
which of the 9 records would be most re- 
presentative of this group’s optimal response 
to hyperventilation. 


Variability is clearly different for the two 
techniques. The maximum test of homogeneity 
of variance (Walker and Lev 1953) is not 
significant for photic activation while it is 
significant for hyperventilation, indicating 
that for hyperventilation the variability dif- 
fers significantly over the 9 trials. The fact 
that the standard deviations are higher than 
the means for hyperventilation further in- 
dicates the extreme skewness of the distribu- 
tion. Also in contrast to photie activation 
the variability for hyperventilation varies 
directly with the mean. 


In summary, photie activation, though 
skewed, has a more continuous distribution of 
response than hyperventilation. It is more 
stable over time with respect to both mean 
and variability. Photie activation thus meets 
more of the criteria for a useful reference 
dimension than does hyperventilation. 
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Of obvious interest is the question of 
whether subjects who activate during hyper. 
ventilation also activate during photic stim. 
ulation. To answer this question a contingency 
coefficient was computed. The distribution 
for the two groups was divided into non- 
activators, weighted score below 140, and ae- 
tivators, weighted score 140 or above. The 
contingency coefficient, based on 163 subjects, 
record 1, was .26, chi square 11.84. Though 
significant at .001 level, the relationship is not 
high and is even misleading because most of 
the relationship is due to those showing no 
activation. Of the 53 subjects who activated 
during either photic stimulation or hyper- 
ventilation only 14 (26.4 per cent activated 
on both techniques). Of the 149 subjects elas- 
sified as non-activators 110 (74 per cent) were 
classified as non-activators on both techniques. 


To further check on the relation of photie 
and hyperventilation activation, a contingency 
coefficient was computed for record number 
2 with the same division into activators and 
non-activators being made. The relationship 
was not significant on the second record, chi 
square 1.70, N = 148. Due to the unreliability 
noted in the hyperventilation scores these con- 
flicting results are not surprising. The results 
from record 2 indicate even more clearly that 
prediction of activation from one activation 
technique to another is hazardous at best and 
unwarranted unless the reliability of the 
measures can be improved. 


Though the majority of activators were 
not consistent from record 1 to 2 on the same 
technique and certainly not consistent from 
one technique to the other, there were 14 sub- 
jects who consistently activated on both meas- 
ures. Basic EEG records of these 14 were 
examined. Eight were classified as normal, 
3 as MFS, 3 as S;, and 1 as paroxysmal. Thus 
even the consistent activators may have nor- 
mal EEG records although there is a higher 
percentage of other than normal records in 
this group than in the sample as a whole. When 
the degree of irregularity in the resting record 
was examined for these 14 subjects, 5 had a 
resting record which showed no or only slight 
irregularity based on the activation § scale 
eriteria. 
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ACTIVATION INDUCED BY SLEEP 


During an evening recording, EEG’s dur- 
ing sleep induced without drugs were obtained 
on the 44 subjects followed over the 3 year 
period. Six of the records were not analyzed 
because of artifacts or because the subject did 
not go to sleep. Thus analysis is based on 38 
records. The activation scale used for photic 
stimulation and hyperventilation was not ap- 
propriate for the analysis of the type of EEG 
activity seen during sleep and there was no 
definite time interval of recording consistent 
for each subject available for evaluation. In 
lieu of the activation seale, an electroenceph- 
alographer experienced in reading sleep re- 
cords appraised each record and noted his 
clinical impression. Thirty-four of the records 
were classified as within normal limits. Four 
records, 10.5 per cent, were classified as show- 
ing some type of dysrhythmia: 3 showed a 
paroxysmal response, and 1 showed 14 and 6 
per sec. positive spikes. One of the paroxysmal 
records demonstrated a definite right sided 
focus. This clinically normal subject’s basic 
EEG was rated as normal yet he consistently 
showed a paroxysmal response during photic 
and hyperventilation activation. The other 
2 records classified as paroxysmal had §, re- 
cords in the resting awake EKG, but neither 
activated during photic stimulation and only 
one showed an activation response during 
hyperventilation. The record showing 14 and 
6 per see. spike discharges during sleep was 
an LVF basic record and did not activate 
during either hyperventilation or photic stim- 
ulation. 

In summary, again in this young adult nor- 
mal population non-activation is the predom- 
inant response. The figure of 10.5 per cent 
abnormal records is consistent with that found 
for the number of subjects activating on photic 
stimulation and hyperventilation. As with 
photic stimulation and hyperventilation, a 
paroxysmal response was found to occur dur- 
ing sleep in subjects who failed to demonstrate 
any neurological signs or give a personal or 
family history of convulsive disorder. 


It is of interest that the subject with the 


hereditary type of nystagmus and tremor did 


not activate during sleep but did activate dur- 
ing photic stimulation and hyperventilation. 


DISCUSSION 


Perhaps the most important observations 
made during this study are those pointing to 
the heterogeneous nature of ‘‘activation’’. 
Only 1 of the 4 subjects showing dysrhythmia 
during sleep showed a paroxysmal response 
on either of the other two activation tech- 
niques and of the 53 subjects who showed 
activation on either photic stimulation or 
hyperventilation only 14 activated on both 
techniques. Thus one begins to question the 
use of the term ‘‘activation’’ as a general 
one to cover phenomena which seem to have so 
little in common other than producing some 
change in the EEG. Certainly the commonly 
expressed belief that ‘‘activation’’ elicited by 
these techniques relates to clinically evident 
convulsive disorders was not supported in the 
ease of 56 of the 182 young men examined in 
this study. Though these 56 young men were 
‘‘activated’’ by one or more of the methods 
investigated, they had no history of neuro- 
logical disease or convulsive disorder nor were 
any significant clinical symptoms found on 
neuropsychiatric examination. 


One has to exercise considerable flexibility 
of thinking to propose a common modus oper- 
andi for the three techniques used here. For 
example, it is hypothesized that the changes 
in brain activity produced by hyperventila- 
tion may be due to hypocapnia (Gibbs et al. 
1942), hypoxia (Davis and Wallace 1942), or 
to a decrease in cholinergic activity (Darrow 
et al. 1944). EEG changes seen during photie 
stimulation have been stated to be produced 
by elaboration in the thalamus of the irradia- 
tion of a response produced by an afferent 
stimulus (Gastaut and Hunter 1950) whose 
effect is heightened by analeptic and stimulat- 
ing drugs. Sleep on the other hand is pro- 
duced by drugs having a sedative effect upon 
the neuraxis. 

It would be unusual if such widely dif- 
ferent activating techniques produced electro- 
encephalographie changes whose clinical sig- 
nificance was to indicate a common patho- 
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logical process. Thus, perhaps it should not 
have been too surprising that the same in- 
dividual did not always give a deviant EEG 
response to each of the three activation tech- 
niques. Even more disturbing for the clinician 
who would wish to use ‘‘activation’’ proce- 
dures is the unreliability of the method. It 
was frequently found that in a given individ- 
ual marked fluctuation in the activation 
threshold for a single type of activation can 
oceur from month to month and from year to 
year. To state that such variability is further 
evidence of a ‘‘paroxysmal’’ process is of Lt- 
tle comfort to the clinician who often has to 
attempt to diagnose from a single EEG record. 
The further finding that a grossly deviant 
electroencephalographic pattern may appear 
and disappear in a given individual with seem- 
ing unrelation to demonstrable neuropsychia- 
tric pathology points to the necessity for con- 
siderable caution by the _ electroencephalo- 
grapher who would presume clinical disease 
from an induced dysrhythmia of the brain 
wave display. From such observations one 
is forced to conclude that any broad clinical 
use of the term ‘‘activation’’ can only be mis- 
leading and that, at this stage of develop- 
ment, one is safest to spell out in some detail 
the parameters of stimulation used and the 
types and degree of reaction produced. Such 
observations again demonstrate the impor- 
tance of adhering to Galton’s concepts of 
individual differences. 


Our attempts to relate these changes in 
activation threshold to patterns of personality 
or psychiatric symptoms were not rewarded. 
There may be some who would assume that the 
amount of activation we did find was related 
to the fact that these young theological stu- 
dents were not a ‘‘normal’’ population. How- 
ever, when the results of our psychological 
tests were compared with other college sam- 
ples they were found to be highly comparable 
with the exception of social attitudes and 
values. As expected, these seminary students 
had a more fixed value system. Also there was 
no evidence in this seminary sample of the 
pathological processes so far purported to be 
related to activation. We also did not find 
hints from the psychological test battery that 


day-to-day fluctuations in mood or anxiety 
were related to the demonstrated degree of 
change in brain function. Only the anxious 
anticipation with which our subjects ap- 
proached their first laboratory experience 
produced any appreciable consistent effect on 
the EEG tracing. At this time the alerting 
patterns were more common in the resting 
record. Drowsiness, so typical of later records, 
was not prominent, and the activation re- 
sponse was less easily evoked than on later 
occasions. This was particularly true for 
hyperventilation where only 11 per cent had 
an extreme activated record on the first 
examination and 25 per cent had such a re- 
sponse on record 9. 


Perhaps for the moment the problem of 
this evasive concept of EEG ‘‘activation’’ can 
be more comfortably, even though loosely, re- 
solved by turning to the idea of general brain 
excitability. If our approach to activation 
were broadened and less directed by the search 
for pathological correlates the results might 
be more fruitful. Construing activation to 
indicate a state of general brain excitability 
and regarded as a response to stress may be 
a fruitful new direction for study. The stress 
in this case would be the activation technique 
used. Individual variability to stress, based 
in part upon the subject’s involvement and 
the meaning of the stress stimuli, is well 
verified. The variability seen in the activation 
responses could in part be due to the sub- 
ject’s shifting involvement and his viewing 
of the stimuli as stressful or nonstressful as 
well as relating to the physiological intensity 
of the stimuli used. 


Support for the view that activation may 
be thought of as indicative of cortical instabil- 
ity is indirectly found in studies of schizo- 
phrenic patients. Ulett and Johnson (1958) 
found a significantly greater degree of activa- 
tion among a carefully selected group of 
schizophrenics when compared with a care- 
fully matched control group of non-schizo- 
phrenic hospitalized patients. Kennard (1957) 
using an electronic analyser to study different 
brain areas has reported greater cortical in- 
stability in sehizophrenics. If we view schizo- 
phrenics as more vulnerable to stress, it is 
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not surprising that the added stress of inter- 
mittent photic stimulation would produce a 
marked activation response. Whether this 
instability in response to stress occurs alone 
in cerebrum or is indicative of instability in 
other physiological systems (e.g., the auto- 
nomic system), is an interesting question 
which we hope to pursue. 


CONCLUSIONS 


Distribution, stability and correlates of 
EEG activity were recorded during photic 
stimulation, hyperventilation, and sleep in a 
total class (182) of young male graduate 
students with the following findings: 

1. On the examination of the total, 4.4 
per cent showed an extreme activation re- 
sponse during photic stimulation, 14.0 per 
cent showed a similar response during hyper- 
ventilation and of 38 sleep records, 10.2 per 
cent were classified as abnormal. The same 
subject did not activate on all techniques. 

2. On the second examination of the total 
sample the photic stimulation distribution was 
similar to that of the initial examination but 
there was more activation during the second 
hyperventilation examination. 

3. During photic stimulation extreme 
activation is rare below 10 c/see. 

4. On 9 oceasions, over a period of 3 years, 
marked shifts occurred in the amount of activ- 
ation during both photie stimulation and 
hyperventilation. 


5. There was a significant increase in 
activation from records 1 to 9 during hyper- 
ventilation. Hyperventilation was found more 
variable and more unstable over time than 
photie stimulation. 


6. On record number 1 a low relationship 
was found between photic and hyperventila- 
tion activation. On the second record this 
relationship was not found, however, indicat- 
ing that activation is not predictable from 
photic stimulation to hyperventilation. 

7. Activation during sleep was also not 
consistently related to activation produced by 
the other two techniques. 

8. Neither photic activation, hyperventila- 
tion nor sleep was found to relate significantly 
to conventional clinical classification of the 


resting EEG, changes in blood pressure, man- 
ifest anxiety or to positive items in personal 
or family neuropsychiatric history. 


9. Using a quantitative activation scale 
for evaluation of the resting EEG, subjects 
classified as showing moderate or marked ir- 
regularity in their resting EEG showed signif- 
icantly more extreme activation responses 
during both hyperventilation and photic stim- 
ulation than did subjects whose resting EEG 
was classified as having no or only slight 
irregularity. 

10. Of the 182 subjects examined, only 14 
showed activation during both photic stimula- 
tion and hyperventilation. No relationship to 
conventional clinical classification of the rest- 
ing EEG or to positive personal or family 
neuropsychiatric history was found in these 
14 subjects. Using the activation scale only 
9 of the 14 were classified as having moderate 
or greater irregularity in their resing EEG. 

11. A plea for caution is made in the clin- 
ical interpretation of such ‘‘activation’’ tech- 
niques. The term activation is suggested to 
imply a level of general brain excitability 
rather than any specific clinical entity. 


RESUME 


La distribution, la stabilité et les corréla- 
tions de l’activité électroencéphalographique 
ont été enregistrés dans un groupe (182) 
d’étudiants pendant la stimulation lumineuse, 
pendant l’hyperventilation, et pendant le 
sommeil. Les résultats suivants ont été obte- 
nus: 

1. Quatre pour cent des sujets ont montré 
une réponse extréme pendant la stimulation 
lumineuse, 14 pour cent ont montré une ré- 
ponse similaire pendant l’hyperventilation et 
parmi 38 EEG enregistrés pendant le som- 
meil, 10.2 pour cent ont été classifiés comme 
étant anormaux. Une activation des tracés 
par toutes les trois méthodes n’a jamais été 
observé chez un méme individu. 

2. Pendant le second examen de ce groupe 
la distribution de 1’activation a la stimulation 
lumineuse était du méme ordre qu’a 1’ocea- 
sion du premier examen, mais il y avait da- 
vantage d’activation a l’hyperventilation pen- 
dant le second examen. 
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3. Pendant la stimulation lumineuse une 
activation extréme est rarement observée en 
dessous d’une fréquence de 10 c/see. 

4. Neuf fois, au cours d’une période de 3 
ans, des changements importants du degré 
d’activation produit par la stimulation lumi- 
neuse et par l’hyperventilation ont été obser- 
vés. 

5. L’épreuve d’hyperventilation a montré 
une augmentation significative de 1’activation 
a partir du premier jusqu’au neuviéme enre- 
gistrement. Il a été noté que 1’activation par 
l’hyperventilation était plus variable dans le 
temps que l’activation par la stimulation lu- 
mineuse. 

6. Dans le premier enregistrement, il y 
avait une relation insignifiante entre 1’acti- 
vation par stimulation lumineuse et celle par 
hyperventilation. Dans le second enregistre- 
ment cette corrélation n’était pas présente. 
Ceci montre que l’activation par une des deux 
méthodes ne permet pas de prédire s’il y aura 
également activation par la seconde. 

7. L’activation die au sommeil ne mon- 
trait pas de corrélation significative avec celle 
produite par l’une des deux autres techniques. 

8. Il n’y avait pas de corrélations entre 
l’activation par la stimulation lumineuse, par 
l’hyperventilation ou par le sommeil et la 
classification clinique conventionnelle' de 
l’"EEG de base, les variations de pression san- 
guine, la présence d’anxiété manifeste ou celle 
d’antécédants neuropsychiatriques personnels 
ou familiaux. 


9. En employant une échelle d’activation 
quantitative pour l’évaluation de 1’activité 
de base de 1’EEG, des sujets classifiés comme 
montrant une irrégularité modérée ou impor- 
tante dans l’activité de base montraient des 
réponses plus importantes a l’activation par 
la stimulation lumineuse et par l’hyperventila- 
tion que n’en avaient les personnes dont 
l’"EEG de base était classifié comme n’ayant 
pas ou peu d’irrégularités. 

10. Parmi les 182 personnes examinées, il 
n’y en avait que 14 qui présentaient une acti- 
vation simultanée a la stimulation lumineuse 
et a l’hyperventilation. Dans ces mémes eas il 
n’y avait aucune corrélation avee la classifica- 
tion conventionnelle de l’activité EEG de base 


ou avec la présence d’antécédants neuropsy- 
chiatriques personnels ou familiaux. En ge 
servant de 1’échelle d’activation on a pu elas- 
sifier 9 parmi ces 14 cas comme ayant des irré- 
cularités plus ou moins importantes dans 
l’EEG de base. 

11. Le danger inhérent a 1’interprétation 
clinique des techniques d’activation est sou- 
hgné. Le terme ‘‘activation’’ s’applique plu- 
tot au niveau de l’excitabilité générale du 
cerveau qu’a une entité clinique spécifique. 


ZUSAMMENFASSUNG 


Die Verteilung, Stabilitat und Korrela- 
tionen der elektroenzephalographischen Akti- 
vitat wahrend intermittierender Lichtreizung, 
Hyperventilation und Schlaf wurde in einer 
Gruppe von 182 jungen mannlichen Studen- 
ten studiert, wobei folgendes festgestellt 
wurde: 

1. Untersuchung der ganzen Gruppe zeigte, 
dass 4,4 Prozent der untersuchten Individuen 
eine extreme Aktivierung mit Lichtstimulier- 
ung zeigten, wahrenddem 4,0 Prozent der 
Untersuchungssubjekte eine ahnliche Antwort 
auf Hyperventilation prasentierten. Von 38 
Schlaf-EEGs wurden 10,2 Prozent als ab- 
norm klassifiziert. Es wurde nie beobachtet, 
dass bei ein und demselben Individuum alle 
drei Methoden eine Aktivierung des EEGs 
hervorriefen. 

2. Wahrend der zweiten Untersuchung der 
gesamten Gruppe war die’ Verteilung der 
Reizantworttypen auf intermittierende Lich- 
treiz ung ahnlich derjenigen, wie sie bei der 
ersten Untersuchung festgestellt wurde, je- 
doch erzeugte der Hyperventilationstest eine 
erossere Aktivierung wahrend der zweiten 
Untersuchung. 

3. Mit intermittierender Lichtreizung wa- 
ren extreme Formen von Aktivierung selten 
mit Frequenzen unterhalb 10 Hz. 

4. Neunmal innerhalb einer Zeitspanne von 
3 Jahren ereigneten sich betrachtliche Ver- 
schiebungen im Grad der Aktivierung mit in- 
termittierender Lichtreizung und mit Hyper- 
ventilation. 

5. Eine signifikante Zunahme der Aktivier- 
ung von der ersten bis zur neunten EEG-Un- 
tersuchung wurde fiir den Hyperventilations- 
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test festgestellt. Innerhalb der gegebenen 
Zeitspanne erwies sich die Hyperventilations- 
aktivierung als veranderlicher als die mit in- 
termittierender Lichtreizung. 

6. In der ersten Untersuchung wurde eine 
niedrige Korrelation zwischen Lichtaktivier- 
ung und Hyperventilationsaktivierung gefun- 
den. In der zweiten Untersuchung konnte 
diese Korrelation nicht mehr festgestellt wer- 
den, ein Indiz, dass Aktivierung durch eine 
Methode zu keiner Voraussage betreffs der 
Wahrscheinlichkeit einer Aktivierung durch 
die andere Methode berechtigt. 

7. Sehlafaktivierung zeigte ebenfalls kei- 
nerlei signifikante Korrelation mit derjenigen, 
welche durch die beiden anderen Methoden 
erzeugt wurde. 

8. Keine verlasslichen Beziehungen wurden 
festgestellt zwischen Aktivierungen mit Licht- 
reizung, Hyperventilation und Schlaf einer- 
seits und konventionellen klinischen Klassifi- 
kationen andererseits, welche sich auf die 
Charakteristika des Ruhe-EEGs, den Blut- 
druckveraénderungen, dem  Vorhandensein 
manifester Aengstlichkeit oder einer positiven 
neuropsychiatrischen personlichen oder Fami- 
lien-Anamnese basierten. 

9. Wenn eine quantitative Aktivierungs- 
skala angewendet wurde, um das Ruhe-EEG 
zu beurteilen, erwies sich, dass Individuen mit 
massigen oder hervorstechenden Unregelmas- 
sigkeiten des Ruhe-EEGs eine in signifikanter 
Weise intensivere Aktivierung mit Hyper- 
ventilation und intermittierender Lichtreizung 
aufwiesen als Individuen, deren Ruhe-EEG 
keine oder nur geringfiigige Unregelmiassig- 
keiten aufwiesen. 


10. Unter den 182 untersuchten Individuen 
zeigten nur 14 Aktivierung sowohl mit Licht- 
reizung als auch mit Hyperventilation. Eine 
Korrelation wurde weder mit konventionellen 
klinischen Kategorien des Ruhe-EEGs noch 
mit einer positiven neuro-psychiatrischen per- 
sonlichen oder Familien-Anamnese bei diesen 
14 Individuen festgestellt. Mit Hilfe der Ak- 
tivierungsskala zeigten nur 9 von diesen 14 
Individuen eine miassige oder betrichtlichere 
Unregelmassigkeit im Ruhe-EEG. 


11. In der klinischen Interpretation von 
Aktivierungsmethoden ist Vorsicht am Platze. 


Der Ausdruck ‘‘ Aktivierung’’ bezieht sich 7m- 
plicite eher auf das generelle Niveau der Ge- 
hirnerregbarkeit als auf ingendwelche spe- 
zifische klinische Kategorie. 
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The intravenous use of barbiturates and 
convulsants to induce neurological defects in 
patients with brain pathology is now well 
documented (Bender and Nathanson 1950; 
Weinstein e¢ al. 1953; Teng and Bender 1955; 
Jaffe 1957; Ajmone-Marsan and Ralston 
1957). The intra-arterial instillation of a 
drug offers interesting potentialities for 
studying cerebral pharmacology and physiol- 
ogy. By the arterial method drugs may be 
applied to relatively restricted regions of the 
brain. Intra-arterial studies with analeptics 
and barbiturates have been rare. Metrazol has 
been used by Shimizu et al. (1952) and Ben- 
nett (1953) in studies on the mechanisms of 
petit mal, while Amytal has been used by 
Wada (quoted by Roberts, 1956 and 1958) in 
studying aphasia. 

The dynamics of blood circulation require 
that observations made on intra-arterial drug 
studies be divided into two phases, the periods 
before and after the drug has had an oppor- 
tunity to circulate to areas not directly sup- 
plied by the injected artery. The local mani- 
festations of an arterially injected drug must 
therefore be strictly considered as those oc- 
curring within approximately 15 sec. With 
this inherent limitation in mind, we undertook 
the investigation of intracarotid Amytal and 
Megimide in man. 


MATERIAL 


Seventeen studies were carried out in 16 
patients ranging in ages from 17 to 81 years 
while undergoing carotid arteriography. A 
variety of neurological conditions were re- 
presented, including: focal and grand mal 
seizure disorders; migraine; hemispheric 
masses; subarachnoid hemorrhage with or 
without aneurysm; post-encephalitic Parkin- 


sonism; basilar or carotid artery occlusions 
and other types of cerebrovascular disease. 
The patients studied all had normal or mildly 
abnormal electroencephalograms (EEG). 


METHOD 


EEGs were recorded with an 8 channel 
ink writing electroencephalograph using fine 
needle scalp electrodes. The patients were 
examined throughout the procedure by two 
or more neurologists. At times, motion pictures 
were taken that were subsequently analyzed to 
confirm behavioral observations. 

The patients were all studied subsequent 
to Hypaque arteriography, at which time 
needle placement and circulation patterns 
could be verified. All patients showed filling 
of the cerebral circulation confined to the 
ipsilateral hemisphere as far as could be deter- 
mined by arteriography. The Cournand arte- 
rial needle was used to allow for stability of 
needle position and to minimize discomfort to 
the patient. The patients received small 
amounts of atropine or no premedication prior 
to arteriography. B,B, ethyl methyl glutari- 
mide (Megimide) and amobarbital sodium 
(Amytal) were injected in 0.5 to 2.0 ml. vol- 
umes rapidly. Fourteen of the patients studied 
were also examined with intravenous Amytal 
at another time. No morbidity resulted from 
the studies. Preliminary and control observa- 
tions with saline, Hypaque, Diodrast, atropine, 
Tensilon, ethanol, Decholin, caffeine, and 
histamine were discontinued when no EEG 
changes were noted. 


RESULTS 


Both EEG and behavioral changes result- 
ed from intracarotid injection of Amytal and 
Megimide. The EEG findings and the cor- 
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relation of behavioral changes with these find- 
ings are the subject of this paper. 


1. Amytal 


Twenty-five to 75 mg. of intracarotid 
Amytal produced EEG changes in all pa- 
tients. In all but one there were associated 
behavioral changes lasting up to 7 min. This 
patient showed EEG changes with 25 mg. of 
Amytal but another 25 mg. was necessary to 
produce behavioral changes. The behavioral 
changes included contralateral hemimotor, 
hemisensory and homonymous hemianopic de- 
fects. There was no evidence of aphasia in 
non-aphasic patients nor increase in language 
difficulties in patients already aphasic. The 
hemimotor defects were most pronounced; the 
arm was more affected than the leg and a 
Babinski toe sign was usually found, all on 
the contralateral side. These contralateral de- 
fects all appeared within 5 sec. However, 
larger doses of Amytal induced diffuse and 
brain stem defects all occurring after a delay 
of at least 20 sec. These latter defects included 
nystagmus, dysarthria and sleep. 


In 14 of these patients, intravenous Amytal 
was injected in increments until the point of 
sleepiness. All patients exhibited nystagmus 
and dysarthria. Only 3 patients showed hemi- 
spheric symptoms, all much milder than seen 
with the intracarotid drug. 


Intracarotid Amytal produced EEG 
changes after a latency of less than 4 see. 
consisting invariably of slowing. The usual 
barbiturate fast activity was never seen with 
less than 75 mg. of Amytal and would always 
appear at least 20 sec. after injection. The 
EEG effects usually lasted less than 30 sec. 
while marked behavioral defects persisted 
longer (e.g. contralateral hemiparesis). 

The slow activity appeared as high voltage 
bursts, diffuse and bilateral in location, and 
frequently more marked on the injected side. 
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Two examples of this change are seen in 
figures 1A and 1B. Figure 1C illustrates the 
response in a post-encephalitic patient where 
25 mg. of Amytal eliminated the blink artifact 
and induced a burst of high voltage 10.5 ¢/see. 
activity out of a desynchronized background. 
This patient’s blinking was abolished by other 
drugs as well, but an alpha rhythm was per- 
sistently absent on numerous tracings. 


2. Megimide 

The range of effective Megimide by the 
carotid route was surprisingly narrow. All 
patients responded to adequate doses of Megi- 
mide with motor seizures. All responded 
clinically to a single injection of 20 mg. Meg- 
imide, with a minimal effective dose of 10 
mg. The average effective intravenous seizure 
dose in a much larger group of patients varied 
from 300 to 400 mg. (Bergman 1958). The 
ratio of greatest to least minimum effective 
dose by the carotid route is 2:1 as compared 
with an intravenous ratio of greater than 15:1 
(Bergman 1958). 

The behavioral response to intracarotid 
Megimide invariably was more marked on the 
contralateral side in contrast to the bilateral 
EEG changes seen. All seizures began focally 
and showed deviation of the head away from 
the injected side and at least one initial twitch 
of the contralateral arm. This contralateral 
focal onset was also seen in patients following 
injection of the carotid on the side that was 
normal in all clinical respects. Most of the 
seizures became generalized. The movements 
were mostly tonic-clonic, less often somewhat 
myoclonic. No unusual seizure patterns were 
observed. The seizures lasted from 15 sec. to 
2 min. and all began within 5 see. of injection. 
No elinical complications were seen. 

The EEG changes were invariably bilat- 
eral in onset when accompanied by a seizure. 
The responses were diffuse and bilateral spike 


Fig. 1 
Responses to intracarotid Amytal. 


A. 50 mg. Amytal into right carotid artery (arrow) induce bilateral slowing within 3 sec. 
focally accentuated at different loci on each side of the brain. 


aw 


10.5 ¢/see. activity. 


. 50 mg. Amytal into left carotid artery (arrow) induce high voltage, diffuse slowing. 
50 mg. Amytal into right carotid artery (arrow) abolish blink artefact and induce bilateral 
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Fig. 3 


Delayed response to Megimide; 16 sec. before the beginning of this tracing, 10 mg. Megimide 
were injected into the left carotid artery without early EEG or clinical changes. More than 
19 sec. later, a diffuse burst is seen. 
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Fig. 4 

Delayed response to Megimide. 31 mg. Megimide in 4 to 5 mg. increments were injected into 

the right carotid artery in the 10 minute period prior to this tracing without effect. An 

additional 4 mg. (arrow) now induce right-sided slowing. 


Fig. 2 
Responses to intracarotid Megimide. 

A. 10 mg. Megimide into left carotid artery (arrow) induce a high voitage bilateral spike- 
wave burst within 4 sec. 

B. 10 mg. Megimide into left carotid artery (arrow) induce bilateral spike-wave patterns. 
This patient exhibited a prolonged right-sided focal seizure. 

C. Same patient. The tracing begins 27 sec. after the arrow marked in figure 2B and shows 
persistent left frontal spiking. 
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and spike-wave bursts with onset 2 to 4 sec. 
after injection (fig. 2A). Even with a bilat- 
eral EEG onset, a focal seizure occasionally 
would be accompanied by late focal spiking. 
Figure 2B shows the onset of a seizure bilat- 
erally while figure 2C which begins 28 see. 
after the injection shows late left fronto- 
temporal sharp waves. 

One patient failed to show an initial re- 
sponse to 10 mg. of intracarotid Megimide. 
However, more than 19 sec. after injection 
(fig. 3) diffuse burst activity appeared. This 
long latency presumably allows time for re- 
circulation to the other hemisphere and the 
brain stem. 

In another patient, repeated inadequate 
doses of Megimide (35 mg. in 4 to 5 mg. in- 
erements over a 10 min. period) produced de- 
layed focal slowing on the side of the injec- 
tion (fig. 4). This degree of slowing was not 
apparent in control tracings. 


DISCUSSION 


Our results show that the effects of Amytal 
and Megimide injected into the carotid artery 
differ from the effects of these drugs follow- 
ing intravenous administration. Although the 
patients we studied represented a variety -of 
cerebral disorders, the pattern of unilateral 
more than bilateral clinical effect accompanied 
by predominantly bilateral EEG changes 
seemed to be independent of the underlying 
pathology. Moreover, one patient with grand 
mal seizures and a persistent unilateral EEG 
focus was studied bilaterally on separate oc- 
easions. The patterns of behavioral responses 
on each side to Megimide and Amytal showed 
profound mirror-image congruence. Regard- 
less of the injected side, the EEG showed 
bilateral bursts, slightly greater in amplitude 
ipsilateral to the injected artery. These data 
suggest that the effects noted are to a large 
part independent of underlying pathology. 
Further experience with normals will be neces- 
sary to clarify this point. 

Behavioral changes consisting of nystag- 
mus, dysarthria and sleepiness as well as EEG 
fast activity and sleep patterns were produced 
universally with intravenous Amytal. These 
manifestations were never seen as initial re- 
sponses to intracarotid Amytal; when present 


they occurred with suprathreshold doses and 
only after a latency of at least 20 sec. This 
longer latency allows time for recirculation to 
the other hemisphere, brain stem and other 
organs. Controls were not done with Meg- 
imide intravenously but it would be difficult 
to accept as coincidence either the universally 
focal contralateral behavioral onset or the 
mirror-imaging noted in the patients studied 
bilaterally. With Megimide, one patient exhi- 
bited EKG effects after a latency of more than 
19 sec. resembling those seen with intravenous 
use of the drug and unaccompanied by clin- 
ical change (fig. 3). This time interval allows 
for recirculation of the drug to uninjected 
parts of the brain. Our observations indicate 
that the actions of Megimide and Amytal oc- 
curring before one circulation time has elapsed 
are confined to the distribution of the carotid 
artery injected. 

The rapidity of effect and the angiographic 
check of unilaterality of circulation both 
speak for an ipsilateral hemispheric site of 
action for the drugs used. The contralateral 
behavioral effects are in concordance with this 
speculation, but the bilateral EEG effects are 
somewhat surprising. The mechanism for these 
EEG changes is not clear. However, the la- 
tency of the intracarotid responses (1.5 to 4 
msec.) would appear to be sufficiently long 
for much activation of neuronal pathways to 
occur before EEG changes become apparent. 


The EEG and behavioral responses to 
intracarotid Amytal and Megimide are sin- 
gular and not reproduced by these drugs intra- 
venously. It appears that the rapid injection 
of either Megimide or Amytal into the carotid 
artery circulation triggers functional group- 
ings in the brain that are not ordinarily most 
sensitive to these drugs. The nystagmus, dys- 
arthria and sleepiness seen with intravenous 
Amytal are suggestive of brain stem dysfunc- 
tion. These responses are never seen in intra- 
carotid use, unless larger doses are used and 
sufficient time for recirculation has elapsed. 
The brain stem site of threshold action of 
intravenous Amytal behaviorally and EEG- 
wise would not seem to be contradicted by our 
evidence. Vertebral and bilateral simultaneous 
carotid injections of the drug would be further 
methods of checking the site of threshold re- 
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sponses to Amytal. These tests would help 
discriminate between a brain stem effect and 
the possibility of a complex and diffuse re- 
sponse to Amytal intravenously. This latter 
possibility is not ruled out by our evidence. 


The evidence for the threshold site of ac- 
tion of intravenous Megimide is even less clear 
than that for Amytal. Spike-waves, myoclonic 
jerks and full-blown seizures seen with intra- 
venous use of Megimide are not as yet local- 
izable. An indirect bit of evidence may be 
gleaned from figure 3. In this case, 10 mg. of 
intracarotid Megimide were apparently insuf- 
ficient to activate hemispheric structures, but, 
more than 19 sec. later, on recirculation and 
dilution, produced a typical intravenous Meg- 
imide EEG pattern without behavioral change. 
This would speak for different sites of action 
of intravenous and intracarotid Megimide. 
The focal seizures seen with intracarotid Meg- 
imide and with intravenous use of the drug 
in patients with focal hemispheric pathology 
indicate the potential hemispheric activity of 
the drug but not necessarily the site of activity 
with intravenous use in intact patients. The 
ability of Megimide to counteract ether and 
barbiturate anesthesia (Werman 1958) may 
or may not indicate brain stem activity. Met- 
razol, a similar compound pharmacologically, 
injected into the human vertebral artery 
(Bennett 1953) produced typical seizure EEG 
patterns. Unfortunately, the clinical mate- 
rial was restricted to patients with sponta- 
neous petit-mal discharges and the conclusions 
are necessarily tempered by this choice. 


Either Megimide or Amytal injected into 
the carotid artery produced predominantly bi- 
lateral EEG changes with profound contra- 
lateral behavioral effects. This disparity be- 
tween EEG and behavioral localization was 
striking and consistent. Our results demon- 
strate the non-specific nature of the EEG 
responses to Amytal and Megimide. The re- 
stricted use of petit-mal patients by Bennett 
(1953) and curarized cats by Shimizu eft al. 
(1952) in their intra-arterial studies with Met- 
razol clearly need extension in view of the 
present findings. Certainly, conclusions about 
the mechanisms of petit-mal on the basis of 
intra-arterial analeptic studies should be 
examined critically. 


Although the group of patients studied 
was biased by the indication for carotid 
arteriography, the results obtained seem 
to indicate a large degree of independence 
of the findings from the underlying path- 
ology. Therefore, the diagnostic value of 
injecting these drugs into the carotid does 
not appear significant. However, the use- 
fulness of intra-arterial drug experiments 
is attested to by the implications for the future 
study of cerebral physiology and pharma- 
cology. 

No lasting ill effects were noted in the 
patients seen. It is felt that judicious ad- 
ministration of intracarotid drugs in the 
human is safe. 

SUMMARY 


1. An introductory study of the EEG and 
behavioral effects of intracarotid Amytal and 
Megimide was carried out in 16 patients, one 
studied bilaterally. 

2. The effects of the drugs were strikingly 
independent of the underlying pathology. The 
behavioral responses were predominantly uni- 
lateral while the EEG changes were mostly 
bilateral. 

3. Amytal produced EEG high voltage 
slowing, bilaterally and diffusely. The be- 
havioral changes were contralateral motor, 
sensory and visual defects without aphasia. 

4. Megimide produced motor seizures most 
marked contralaterally ; with universally con- 
tralateral onset. The EEG showed diffuse, 
bilateral spike and spike-wave patterns. 

5. The implications of the findings with 
regard to site of drug action and speculations 
concerning the value of this method of study 
are discussed. It is felt that carotid drug 
studies may help elucidate problems in brain 
physiology and pharmacology. 

6. Judicious use of intracarotid drugs in 
man is apparently a safe procedure. 


RESUME 


1. Chez 16 malades les variations électro- 
encéphalographiques et les effets neurologi- 
ques généraux ont été étudiés aprés injection 
intracarotidienne d’Amytal ou de Mégimide. 
Un eas recevait une injection bilatérale. 

2. La pathologie que présentaient ces ma- 
lades n’affectait en rien les effets des produits 


— 


qu’on a examinés. Les symptémes neurologi- 
ques étaient surtout unilatéraux tandis que 
les changements électroencéphalographiques 
étaient surtout bilatéraux. 

3. L’Amytal causait un ralentissement bi- 
latéral et diffus 4 haut voltage de 1’électro- 
encéphalogramme. Les symptoémes neurologi- 
ques consistaient en déficits hétérolatéraux 
moteurs, sensoriels et visuels, il n’y avait pas 
d’aphasie. 

4. Le Mégimide produisait des convulsions 
motrices surtout hétérolatérales a début tou- 
jours contralatéral. On enregistrait des signes 
électroencéphalographiques diffus et des poin- 
tes et pointes-ondes bilatérales. 

5. Une discussion de ces résultats est faite 
en rapport avec le point d’impact de 1’action 
médicamenteuse et la valeur de cette techni- 
que comme méthode expérimentale. Les au- 
teurs ont l’impression que 1’étude de produits 
injectés par voie intracarotidienne peut aider 
4 élucider des problémes de physiologie et 
de pharmacologie nerveuses. — 

6. Un emploi judicieux chez l’homme de 
l’injection intracarotidienne de produits chi- 
miques semble étre une méthode sans danger. 


ZUSAMMENFASSUNG 


1. Die Verainderungen im EEG und im 
klinischen Verhalten, welche durch intra- 
arterielle Injektion von Amytal und Megimid 
in die Arteria carotis hervorgerufen werden, 
wurden bei 16 Patienten untersucht. Ein 
Patient erhielt bilaterale Injektionen. 

2. Die durch diese Medikamente erzeugten 
Verainderungen waren in auffallender Weise 
unabhingig von der vorhandenen patho- 
logischen Lision. Klinische Effekte waren vor- 
wiegend einseitig, wahrenddem die EEG- 
Verinderungen meistens zweiseitig waren. 

3. Amytalinjektion produzierte hochge- 
spannte langsame bilateral und diffus verteilte 
Wellen im EEG. Die klinischen Veranderung- 
en bestanden bei kontralateralen motorischen, 
sensorischen und visuellen Defekten ohne 
Aphasie. 
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4. Megimid produzierte motorische Krampf- 
anfalle, welche kontralateral pradominier- 
ten und welche immer auf der kontralateralen 
Seite begannen. Das EEG zeigte diffuse bi- 
laterale Spitzen- und. ‘‘Spike-and-Wave’’- 
Entladungen. 

d. Die Bedeutung dieser Befunde in Bezug 
auf den Angriffspunkt der Medikamente und 
der Wert der beschriebenen Methode werden 
besprochen. Es scheint, dass Untersuchungen 
von medikamentosen Effekten nach intra- 
arterieller Injektion in die Carotiden gewisse 
Probleme der Gehirnphysiologie und Gehirn- 
pharmakologie aufzuklaren vermégen. 

6. Die Methode intraarterieller Injektion 
von Medikamenten in die Arteria carotis des 
Menschen erscheint ein durchaus gefahrloses 
Vorgehen zu sein, wenn die notigen Vorsichts- 
massregeln eingehalten werden. 
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Meprobamate (Miltown, Equanil) has be- 
come one of the most frequently used ‘‘atar- 
actic’’ drugs. Berger (1954, 1956, 1957), 
who introduced this agent, studied its effects 
on the electrical activity of the brain in 
animals. He found that, in low doses, the 
only effects consisted of synchronization of 
thalamic activity, which he interpreted to in- 
dicate a selective action of meprobamate on 
the thalamus. He stated that cortical record- 
ings were not affected in any way unless 
extremely large doses are given. Pfeiffer et 
al. (1957), took issue with Berger’s (1957) 
position that meprobamate was the main 
current representative of a group of tran- 
quilizers with ‘‘central relaxant’’ properties, 
as opposed to the ‘‘autonomic suppressant’’ 
properties of agents like chlorpromazine and 
Reserpine. They presented evidence, includ- 
ing studies of the effects of meprobamate on 
conditioned avoidance responses, strychnine 
and pentylenetetrazol thresholds, and spinal 
reflexes in animals, and on the EEG of hu- 
mans, which led them to conclude that me- 
probamate ‘‘can be classified as a barbiturate- 
like drug with some CNS stimulant properties 
that may simulate those of trimethadione’’. 

The EEG observations of Pfeiffer et al. 
were made on 3 normal human subjects, who 
received single oral doses of 1.6 to 2.0 g. of 
meprobamate. After 40 to 60 min., low 
voltage 20 to 30 c/sec. activity was observed. 
This activity resembled that produced by 
200 mg. of secobarbital; it also disappeared 
during sleep. More extensive observations by 
other workers have yielded similar results. 


1 Supported in part by grants from the Department 
of National Health and Welfare, Canada, and the 
National Institute of Mental Health, Public Health 
Service, Grant No. My-1794. 


Miletto, Collomb and Cardaire (1956) found 
that daily doses from 1.2 to 2.4 g. produced 
minimal changes with a tendency for slowing 
of alpha and augmentation of amplitude. 
Doses of 30 mg/kg. elicited slow waves, and 
60 mg/kg. produced barbiturate-like general- 
ized rapid rhythms. Tucker and Wilensky 
(1957) administered up to 4.8 g. of mepro- 
bamate per day to chronic schizophrenic pa- 
tients for 12 weeks and found increased fast 
activity in 18 of 32 subjects examined during 
the final week of medication; no other sig- 
nificant EEG changes were observed when the 
treated group was compared with a placebo 
group. Henry and Obrist (1958) studied 100 
psychiatric patients receiving ‘‘chronic’’ 
meprobamate medication. They found about 
85 per cent incidence of fast frequency EEG 
activity; the amount of this activity was 
greater with higher dosage. They also gave 
2.0 to 3.2 g. by mouth in single doses and 
found fast wave increases, usually after 30 
min., in 10 of 12 patients. Most of the 
published observations thus point to a con- 
siderable similarity between the EEG effects 
of meprobamate and barbiturates, with the 
production of fast activity as a characteristic 
sign. 

The present investigation was carried out 
to explore the effects of sustained high doses 
of meprobamate in psychiatrie patients. The 
drug was administered in daily doses, 10 g., 
which were considerably greater than the 
usual recommended dosages of 1.2 to 2.4 g. 
and probably higher than any previously used 
for therapeutic purposes. The high dosage 
over a period of several weeks served to ac- 
centuate effects on the EEG. The purpose of 
this report is to present our findings con- 
cerning the effects of meprobamate on the 
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EEG, and on its interaction with amobarbital 
sodium (Amytal), as determined from studies 
of the sedation threshold (Shagass 1954). 
These data seem to reinforce the view that 
meprobamate has barbiturate-like properties. 


METHOD 


Standard EEG’s, employing both scalp- 
to-scalp and scalp-to-ear electrode combina- 
tions, were recorded on a Grass 8-channel in- 
strument. The sedation threshold test was car- 
ried out as described by Shagass (1954) 
using an injection rate of 0.5 mg/kg. of 
amobarbital every 40 sec. Measurement of the 
EEG to determine the threshold was facil- 
itated by use of an automatic integrator 
(Davis 1956). This instrument summated 17 
to 25 ec/see. activity, writing out on one 
channel of the EEG (fig. 3). Measurements, 
arbitrarily assigned to correspond to the pre- 
ceding ee of injected amobarbital, were made 
on the first 20 sec. of tracing in each 40 see. 
period. : 

Subjects were 12 psychiatric patients, 8 
female; 4 male, ranging in age from 17 to 47, 
with a mean age of 36 years. Their diagnoses 
were: schizophrenia, 3; anxiety or phobic 
state, 3; obsessive-compulsive neurosis, 2; 
character disorder or sociopathic personality, 
2; hypomania, 1; depressive reaction, 1. Pa- 
tients were admitted or transferred to the Re- 
search Service for purposes of meprobamate 
treatment. EEG’s were taken shortly before 
treatment started, on the last day of medica- 
tion, and about 2 weeks after medication was 
discontinued. 


The original plan was to bring the dose of 
meprobamate to a maximum of 10 g/day in 
one week, to maintain it for three more weeks, 
to discontinue the drug abruptly, and then to 
retest the EEG in 10 days. It was impossible 
to adhere rigidly to this time schedule in all 
cases, although it was followed in general. The 
maximum dose, maintained to time of testing, 
was 10 g/day in 10 cases; it was lowered to 
6.4 g. in 2 cases because of disturbed behavior. 
The hypomanic patient was tested only 8 days 
after start of medication and 2 days after 
reaching the maximum dose; this was because 
he became excessively hostile, agitated, and 


aggressive, and it was necessary to alter his 
medication. The other 11 patients were tested 
from 23 to 35 days after start of medication 
(mean, 29 days), which was from 12 to 26 
days after reaching the maximum dose (mean, 
20 days). Retesting occurred from 8 to 19 
days after the medication was stopped in 10 
patients. Two patients could not be retested 
because their condition necessitated further 
meprobamate. Most retesting was done on an 
out-patient basis, discharge from hospital 
having already taken place. Sedation threshold 
tests were not obtained in one patient before 
treatment and in 3 patients after treatment. 


Although one would have wished to avoid 
this complication, 6 patients received some 
kind of medication in the 24 hours before their 
pre-treatment test. Drugs included: Doriden, 
500 mg. h.s. (2); chloralhydrate 600 mg. h.s. 
(1) ; meprobamate, 400 mg. t.i.d. (2); chlor- 
promazine, 50 mg. q.id. (1). Fortunately 
there was no evidence to suggest that these 
medications exerted undue influence on the 
findings. 


RESULTS 


Effect of Meprobamate on EEG. The out- 
standing difference, between the pre-treat- 
ment records and those taken at the height 
of meprobamate effect, was provided by the 
much greater amount of fast frequency activ- 
ity seen in the latter tracings. This was so in 
every case. The predominant frequencies were 
in the vicinity of 18 to 25 e/see. Figure 1 
shows samples of before, during, and after 
treatment tracings in 3 subjects. The greatest 
amplitudes in case A were in the frontal and 
temporal areas, with some indication of an 
antero-posterior voltage gradient. The fast 
activity in case B was more generalized, with 
little evidence of a gradient. The relatively 
greater temporal voltages may be partially 
eaused by greater inter-electrode distances. 
The pre-injection measurements of 17 to 25 
e/see. frontal activity for sedation threshold 
determinations may be used as a quantitative 
indicator of the effects of meprobamate. The 
mean amplitude in microvolts, as calibrated 
against a continuous 20 ¢c/sec. sine wave stand- 
ard, were: pre-treatment, 3.3; during treat- 


ment, 12.5; after treatment, 4.4. The increases 
during treatment ranged from 1.9 to 16.6 »V., 
representing increments of 56 to 922 per cent. 
There was little or no evidence of residual 
increased fast activity in the post-treatment 


records. 


In 4 eases alpha frequency, which was 
measurable in the pre-treatment tests, could 
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not be determined in the meprobamate record 
because of the predominant rapid activity. 
Two patients had no measurable alpha in 
either record; one of these had 10 ¢/see. alpha 
in the post-treatment EEG. In 6 cases the 


alpha frequency in the meprobamate record 
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patient had been receiving chlorpromazine, 400 mg. per day, for 19 days. 


was lower by 0.5 to 2 ¢/sec. than the frequency 
in the pre-treatment record, 5 of the decreases 
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being 1 c/sec. or more. The alpha frequencies 
returned to pre-treatment values in the post- 
treatment records. 

The tendency toward a greater amount of 
slow frequency activity during meprobamate 
was most clearly observed in 3 patients who 
had little or no theta activity in the pre-treat- 
ment record and considerable 6 to 7 ¢/sec. 
activity during meprobamate. Figure 1C con- 
tains sample tracings from one such ease, the 
hypomanic patient whose meprobamate treat- 
ment was discontinued after 8 days. The post- 
treatment tracing in figure 1C illustrates a 
noteworthy contrast between meprobamate 
and chlorpromazine as it was taken while the 
patient was receiving 400 mg. of chlorpro- 
mazine per day. The chlorpromazine EEG is 
about the same as the pre-treatment record, 
taken without medication. One patient had 
a definitely abnormal pre-treatment EEG, 
containing bilateral paroxysmal-appearing 6 
e/sec. activity, predominant in motor and 
temporal derivations. On meprobamate this 
abnormality was accentuated, occurring more 
frequently and with increased voltage and 
slowing of frequency to 5 c/see. On the other 
hand, in 4 cases, minimal amounts of theta 
frequency activity noted in the pre-mepro- 
bamate record were no longer seen with me- 
probamate; this may have been due to the 
masking of slower frequencies by high voltage 
fast activity. 


Effect of Meprobamate on _ Sedation 
Threshold. The EEG sign of the sedation 
threshold is determined from the inflection 
point in the amplitude of 17 to 25 ¢/see. 
frontal activity. In nearly all cases this sign 
was completely obliterated by meprobamate. 
Figure 2 shows the curves for one patient. 
During meprobamate the amplitude before 
Amytal injection was already considerably 
greater than the pre-or post-treatment ampli- 
tudes at the sedation threshold point; the 
meprobamate curve did not rise in the char- 
acteristic S-shaped manner. In the pre-treat- 
ment tests of the group as a whole the mean 
increase in fast frequency amplitude from 
before injection to the threshold point was 
4.0 nV. During meprobamate the mean ampli- 
tude increase produced by the same amounts 


of amobarbital was only 0.4 »V. In 4 eases 
there was a decrease and, in 3 cases, the in- 
crease was 1 »V. or less. A ‘‘t’’ test showed 
these differences in amplitude change to be 
significant at the 1 per cent level, thus provid- 
ing statistical confirmation of the conclusion 
that, in meprobamate-treated subjects, intra- 
venous amobarbital fails to cause the expected 
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Sedation threshold curves before, during, and after 
meprobamate 6.4 g. for 24 days. 
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increase in frontal fast frequency amplitude. 
In the post-treatment sedation threshold de- 
terminations this effect appeared to have dis- 
appeared in all but one case. The mean ampli- 
tude increase to the threshold point in the 9 
post-treatment tests was 3.5 »V., not signif- 
icantly different from the pre-treatment ef- 
fect of amobarbital. 

Examination of the frontal tracings taken 
during injection of Amytal showed that the 
usual effect was a progressive augmentation 
of slower frequencies as the injection con- 
tinued. This is illustrated in figure 3. Before 
Amytal was given the predominant activity 
consisted of 22 c/sec. waves. There was no- 
ticeable slowing even after 1.5 mg/kg., and 
after 5 mg/kg. the predominant frequency 
was about 10 ¢c/sec., with even slower fre- 
quencies making their appearance. In this 
particular case the integrated 17 to 25 c/see. 
voltage decreased with Amytal. This decrease 
is reflected in the integrator tracings of fig- 
ure 3; the integrator actually seemed to meas- 
ure more fast activity in the later stages of 
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Amytal injection than was apparent to naked 
eye inspection. 

As thresholds were not measurable from 
the EEG during meprobamate, only the rather 
vureliable behavioral criterion of slurred 
speech could be used as an indicator of thresh- 
old. The mean amount of Amytal required to 
produce slurred speech was 3.64 mg/kg. be- 
fore and 2.77 mg/kg. after meprobamate in 


EKEG-determined sedation thresholds were 
available for 8 patients before and after treat- 
ment. Five of these were essentially un- 
changed, varying within 0.5 mg/kg., one de- 
ereased by 2.5 mg/kg., and the other two in- 
creased by 1.0 and 4.0 mg/kg. respectively. 
The 2.5 mg/kg. decrease occurred in a patient 
who seemed clinically improved by the treat- 
ment and who showed minimal symptoms fol- 
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Effects of intravenous amobarbital, given at rate of 0.56 mg/kg./40 sec., on 
transfrontal EEG. Note progressive slowing of frequencies. 


11 patients. This difference was not quite 
statistically significant (P, .08). The mean 
values during and after treatment were, re- 
spectively, 2.94 and 4.72 mg/kg. for 9 patients, 
and this difference was statistically signif- 
icant (P, .03). There is thus some evidence 
to suggest that meprobamate hastens the onset 
of slurred speech with Amytal. 


lowing withdrawal of meprobamate. The in- 
crease of 4 mg/kg. occurred in a patient who 
showed severe withdrawal symptoms, which 
included frequent vomiting and a grand mal 
seizure. Unfortunately the one other patient 
with a withdrawal seizure was not retested. 
Clinical Observations. The bulk of clinical 
material, which was gathered in frequent in- 


280 


terviews, will not be presented here. The clin- 
ical observations which seem relevant here 
concern the effects of meprobamate on symp- 
toms, side-effects of the drug, and the effects 
of sudden withdrawal. During meprobamate 
administration, presenting symptoms were ac- 
centuated in 9 of the 12 patients. Manifesta- 
tions of depression were considered increased 
in 6 patients, agitation and hostility increased 
in 3 patients, and anxiety was greater in 4 
patients. Three patients who seemed to im- 
prove while receiving the drug had diagnoses 
of schizophrenia (2 cases) and depressive re- 
action in a schizoid (1 case) ; they showed in- 
creased alertness, more spontaneous activity, 
and seemed less withdrawn. All three main- 
tained their improvement after medication 
was stopped. There was no discernible rela- 
tionship between the EEG effects of mepro- 
bamate and degree of clinical improvement 
while receiving the drug. It was noted, how- 
ever, that all 3 improved patients had sedation 
thresholds of 4 mg/kg. or more, while, of the 
8 thresholds available for patients whose symp- 
toms were accentuated, only 2 were in the 
higher range. This would suggest that high 
initial sedative tolerance may predispose to 
favorable symptomatic effects from mepro- 
bamate. ; 


Side effects of meprobamate were seen in 
all patients. The most frequent were drow- 
siness (7 cases), vomiting, anorexia and in- 
digestion (6 eases), dizziness (5 cases), and 
psychomotor retardation and unsteady gait 
(2 eases each). It should be noted that the 
drowsiness and dizziness were of relatively 
minor degree and were manifested mainly as 
complaints elicited by questioning. 

Withdrawal symptoms occurred in all 10 
cases who were not immediately put on other 
medication. They were generally first noted 
within 12 hours and lasted about 48 hours 
after withdrawal. The most frequent were 
nausea and vomiting (8 cases). Solitary major 
seizures occurred in 2 patients, one of whom 
had a markedly increased sedation threshold 
9 days later. Acute psychotic episodes with 
increased hallucinatory and or delusional 
symptoms occurred in 3 eases, 2 schizophrenics 
and one obsessive-compulsive. Two patients 
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reported great sensitivity to noise and one 
manifested intense anxiety (she also had a 
seizure). Only one patient, previously re- 
ferred to, experienced little withdrawal dis- 
tress, his only symptom being temporary in- 
somnia. 

The general therapeutic effects of the 
meprobamate regime are difficult to evaluate. 
At time of writing 8 patients appeared to have 
retained some definite clinical improvement, 
which usually began after the withdrawal 
phase had terminated. 


DISCUSSION 


Present results confirm those of previous 
investigations in demonstrating that the EEG 
effects of meprobamate resemble those of 
barbiturates. Increased fast activity, which 
was the most striking change, was observed in 
every case; slowing of alpha and augmenta- 
tion of theta activity were also observed, but 
not as regularly. The absence of exceptions, 
as regards the fast frequency effect, may prob- 
ably be attributed to the use of higher dosages 
for longer periods than in any previously re- 
ported study. 


The findings concerning interaction be- 
tween amobarbital and meprobamate further 
support the conclusion that meprobamate is 
similar to barbiturates in its EEG effects. 
They show, in fact, that these agents inter- 
acted in an additive manner, .or at least that 
adding amobarbital to meprobamate was like 
adding amobarbital to amobarbital. The back- 
ground for this statement is a frequency 
analyzer study, which showed that amobar- 
bital, when injected at the rate used for seda- 
tion threshold determination, produced a pro- 
gressive orderly augmentation of frequencies 
from faster to slower (Shagass 1954). The 
amplitude of each frequency would increase 
and reach a plateau, while the amplitude of 
the next faster frequency was still rising. A 
similar progression from faster to slower fre- 
quencies was observable by visual inspection 
when amobarbital was given to meprobamate- 
treated patients in this study. However, at 
the start of the amobarbital injection, the 
EEG seemed already to have been changed 
to an extent ordinarily achieved by injecting 
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amobarbital beyond the sedation threshold. 
Amobarbital then produced further changes 
cousisting of augmentation of frequencies 
slower than 17 ¢/sec., the faster ones having 
already reached their maximum amplitude. 


The occurrence of seizures upon with- 
drawal of meprobamate, and the anticonvul- 
sant properties of the drug, have been taken 
as further evidence of barbiturate-like action 
by Pfeiffer e¢ al. (1957) and Wikler (1957). 
Withdrawal seizures have now been reported 
by several investigators (Barsa and Kline 
1956; Lemere 1956; Essig and Ainslie 1957). 
They have also been elicited in experimental 
animals (Essig and Ainslie 1957; Swinyard 
et al. 1957) and these demonstrations have 
been used as a basis for advocating prescrip- 
tion precautions for meprobamate similar to 
those used for narcotics. Present observations 
on withdrawal effects were in line with those 
of other workers. All patients experienced 
some withdrawal symptoms, two had general- 
ized seizures, and three patients, one never 
psychotic previously, developed transient psy- 
chotic reactions. The finding of a greatly 
elevated sedation threshold 9 days later in one 
of the patients who had a seizure raises the 
interesting possibility that serial sedation 
thresholds might provide quantitative meas- 
urements of the rise and fall of excitability 
during drug withdrawal. It should, however, 
be noted that the elevated threshold was meas- 
ured when the EEG had completely returned 
to normal, and could possibly have been due 
to causes other than those connected with me- 
probamate (Shagass, Mihalik and Jones 1957). 


Even with the impressive evidence that 
meprobamate has several properties similar 
to barbiturates, there still seem to be impor- 
tant differences between these agents. Per- 
haps the most clinically relevant difference 
lies in the fact that meprobamate can exert 
a calming action without interfering with 
wakefulness and motor performance to the 
extent that one would expect from doses of 
barbiturates producing comparable EEG ef- 
fects. Marquis et al. (1957) found that 800 
mg. of meprobamate did not affect tests of 
driving, steadiness, and vision, as did 2 ounces 
of whiskey on some tests. While several of 


the subjects of the present study, receiving 
3 to 6 times the usual therapeutic dose of 
meprobamate, did complain of drowsiness and 
dizziness, they did so mainly on questioning. 
None stayed in bed during the daytime and 
they were all able to look after their feeding 
and excretory needs without assistance. Al- 
though we obtained test evidence to suggest 
that Amytal produced slurred speech sooner 
in the meprobamate-treated patient, it is per- 
haps more important to note that so much 
Amytal was required to produce slurring, and 
that no subjects were ‘‘asleep’’, in the sense 
of being unresponsive to verbal stimulation, 
at the end of the Amytal injection. The behav- 
ioral changes with meprobamate thus seemed 
to be relatively slighter than the EKG effects. 


Finally, it may be appropriate to mention 
the practical significance of the present find- 
ings for the clinical electroencephalographer. 
It has been our experience, as with Henry 
and Obrist (1958), that unexpected fast 
rhythms were explained by the patient’s un- 
reported consumption of meprobamate tablets. 
Special inquiry for this cause of fast rhythms 
is indicated. Also, after learning about the 
effects of meprobamate in obliterating the 
EEG sign of sedation threshold, we found 
that intake of this drug in ordinary doses is 
associated with an apparently high incidence 
of irregular and invalid sedation threshold 
determinations, previously unexplained. 


SUMMARY 


1. To explore the effects of meprobamate 
in sustained high dosage, 12 psychiatric pa- 
tients were given daily doses averaging 10 
2. for a period of 4 weeks. This paper deals 
mainly with the data obtained from EEG and 
sedation threshold studies before, at the height 
of, and 2 weeks after termination of medica- 
tion. 

2. In all cases meprobamate increased fast 
activity so that the EEG tracings looked like 
those obtained after intravenous barbiturates. 
Alpha frequeney was often slowed and theta 
activity augmented. The EEG sign of the 
sedation threshold, which depends on meas- 
ured fast frequency activity, was obliterated, 
as amobarbital served only to augment slower 
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frequencies than those usually measured. 
These data were interpreted to indicate a 
close similarity and an additive relationship 
between the EEG effects of meprobamate and 
amobarbital. 


3. All patients experienced withdrawal 
symptoms after abrupt discontinuation of 
meprobamate, including two with generalized 
seizures, and three with acute psychotic re- 
actions. These effects point to a further sim- 
larity with barbiturates. 


4. The behavioral depressant effects dur- 
ing meprobamate medication seemed to be 
less marked than might be expected from the 
EEG effects. 


RESUME 


1. Avec le but d’explorer les effets d’une 
administration continue a haute dose de mé- 
probamate, 12 malades psychiatriques ont été 
soumis pendant quatre semaines 4 des doses 
de 10 g. de méprobamate par jour. Ce travail 
est basé surtout sur des données électroencé- 
phalographiques et des études du «seuil de 
sédation » avant, pendant, et deux semaines 
aprés l’administration du médicament. 


2. Dans tous les cas une augmentation de 
l’activité rapide de 1’électroencéphalogramme 
était obtenue de facon que le tracé avait un 
aspect semblable 4 celui observé aprés une in- 
jection intraveineuse d’un barbiturique. La 
fréquence des ondes alpha diminuait souvent, 
l’activité théta était augmentée. Le signe 
électroencéphalographique du « seuil de séda- 
tion », lequel dépend de la mesure des fré- 
quences rapides, était effacé puisque 1’amo- 
barbital ne servait qu’A augmenter les fré- 
quences plus lentes que celles qu’on mesure 
d’habitude. Ces résultats montrent une rela- 
tion étroite et additive entre les effets du 
méprobamate et de l’amobarbital, tels qu’ils 
se manifestent sur un électroencéphalogram- 
me. 

3. Tous les malades présentaient des symp- 
tomes de privation aprés l’arrét brusque du 
méprobamate. I] y avait deux malades qui 
avaient des convulsions généralisées, et trois 
des réactions psychotiques aigués. Cela met en 
évidence un autre point de similarité entre le 
méprobamate et les dérivés barbituriques. 
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4. Il est A remarquer que les effets dépres. 
sifs du méprobamate sur le comportement sont 
moins évidents qu’on pourrait s’y attendre en 
étudiant les manifestations électroencéphalo- 
eraphiques. 


ZUSAMMENFASSUNG 


1. Zwolf psychiatrischen Patienten wurden 
wahrend einer Periode von 4 Wochen tiagliche 
mittlere Dosen von 10 g. Meprobamat verab- 
folgt, um die Effekte von hoher anhaltender 
Dosierung dieses Medikaments zu studieren. 
Diese Arbeit bespricht Resultate, wie sie vor 
dem Beginn der Medikation, auf der Hohe 
der medikamentellen Wirkung, und zwei Wo- 
chen nach der Absetzung des Medikaments 
durch EEG-Untersuchungen und durch Mes- 
sung der ‘‘Sedationsschwelle’’ erhalten wur- 
den. 

2. Meprobamat erhohte in allen Fallen die 
schnellen Rhythmen, sodass die EEG-Kurven 
denjenigen glichen, welche man nach intra- 
venoser Barbituratmedikation beobachtet. Die 
Frequenz des Alpharhythmus war oft ver- 
langsamt und die Thetaaktivitat erhoht. Das 
elektroenzephalographische Indiz fiir die 
‘*Sedationsschwelle’’, welche basiert ist auf 
der gemessenen hochfrequenten Aktivitat, war 
verwischt, da Amobarbital nur dazu fihrte, 
dass langsamere Frequenzen als diejenigen, 
welche tiblicherweise gemessen werden, ver- 
starkt wurden. Diese Resultate zeigen eines 
enge und additive Beziehung zwischen den 
EEG-Effekten von Meprobamat und Amo- 
barbital. 


3. Alle Patienten zeigten Entzugsymp- 
tome, wenn das Meprobamat abrupt abgesetzt 
wurde. Diese Symptome manifestierten sich 
zweimal in der Form von _ generalisierten 
Krampfanfallen und dreimal in der Form von 
akuten psychotischen Reaktionen. Diese Ef- 
fekte unterstreichen ihrerseits wieder die 
Aehnlichkeit zwischen der Meprobamatwirk- 
ung und derjeningen von Barbituraten. 


4. Der durch Meprobamatmedikation her- 
beigefiihrte depressive Effekt auf das psy- 
chomotorische Verhalten schien weniger mar- 
kiert zu sein, als man von den EEG-Effekten 
zu erwarten geneigt sein wiirde. 
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ANNOUNCEMENT 


INTERNATIONAL SOCIETY FOR CLINICAL 
ELECTRORETINOGRAPHY 


During the International Congress of Ophthalmology held in Brussels 
in September 1958, an International Society for Clinical Electroretinography 
(ISCERG) was organized. The objective of the Society is to promote the work 
in clinical electroretinography by preparing and conducting meetings and sym- 
posia, by establishing a central bibliography distributed regularly to the mem- 
bers, and by suggesting a standardization of the instrumentation and procedure 


in clinical electroretinography and of the recording and measurement of clinical 
electroretinograms. 


The work of the Society wiil be carried out by a Central Board of Officers, 
a General Committee, andian Advisory Board. 


The officers of the Society are as follows: President: G. Karpe (Stock- 
holm) ; Vice-Presidents: A. Franceschetti (Geneva) and J. Francois (Gent) ; 
Secretary General: H. E. Henkes (180 Schiedamsevest, Rotterdam, Netherlands) ; 
Secretary for the Western Hemisphere: H. M. Burian (Department of Ophthal- 
mology, University Hospitals, lowa City, lowa) ; Treasurer: W. Straub (Univer- 
sitats-Augenklinik, Hamburg 20, Germany). 


The membership fee has been set at 10. - DM (approximately U.S. $2.50) 
a year, payable in DM or local currency. 


Anyone residing in the Western Hemisphere and interested in this new 
Society is requested to contact Dr. Burian. All others should apply to Dr. 
Henkes. 


REPONSES SOMESTHESIQUES, VISUELLES ET AUDITIVES, 
RECUEILLIES AU NIVEAU DU CORTEX « ASSOCIATIF » 
SUPRASYLVIEN CHEZ LE CHAT CURARISE 
NON ANESTHESIE 
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INTRODUCTION 


Si l’on excepte certaines observations iso- 
lées, effectuées sur préparation non narco- 
tisée, la mise en évidence, chez le chat, de ré- 
ponses sensorielles corticales étrangéres a 
l’aire primaire réceptrice de la modalité sti- 
mulante, parait liée a l’emploi d’anesthésiques 
particuliers ou d’agents pharmacologiques. 
C’est ainsi que sous narecose barbiturique peu- 
vent se développer des « décharges secon- 
daires », composantes tardives du _ potentiel 
évoqué somesthésique, repérables en de nom- 
breux territoires de la convexité (Forbes et 
Morison 1939; Purpura 1955). 

L’anesthésie au chloralose favorise, d’autre 
part, l’apparition de réponses somesthésiques 
(Amassian 1954; Albe-Fessard et Rougeul 
1956), visuelles et auditives (Feng, Liu et 
Shen 1956; Buser et Borenstein 1957), a plus 
bréve latence, dont la localisation au niveau 
soit des territoires d’association (gyrus latéral 
antérieur et suprasylvien), soit de la zone 
«frontale » est caractéristique. Notons que 
l’existence de réponses suprasylviennes a la 
stimulation visuelle a été également constatée 
sous Nembutal (Marshall et coll., 1943; Clare 
et Bishop 1954; Harman et Berry 1956). 
D’un autre cé6té enfin, 1’administration d’a- 
gents convulsivants, tel le Cardiazol, suscite 
« l’irradiation » de réponses visuelles au ni- 
veau du cortex frontal (Gastaut et Hunter 
1950; Hunter et Ingvar 1955). 

En l’absence d’anesthésie, par contre, il 
n’est guére que l’observation de Bremer 
(1952), relative a 1]’existence de réponses au 
clic au niveau du cortex visuel, sur la prépa- 
ration d’encéphale isolé, qui puisse étre men- 
tionnée, antérieure a nos propres résultats. 


Utilisant, pour notre part, la préparation cu- 
rarisée et sortie de narcose, nous avons pu 
démontrer que, sous l’effet de stimulations 
« naturelles », somesthésique, visuelle ou audi- 
tive, des réponses sensorielles, distinctes des 
potentiels évoqués primaires, réponses secon- 
daires ou d’irradiation pouvaient étre recueil- 
les (Buser et Borenstein 1956) en de multi- 
ples territoires de l’écorece. L’examen des don- 
nées de cette exploration topographique laisse 
apparaitre que, dans leur répartition géné- 
rale, ces réponses secondaires peuvent consti- 
tuer, chez le chat, plusieurs ensembles dis- 
tinets. 

Un premier groupement concerne les zones 
« associatives » de la face latérale des hémis- 
phéres, gyrus suprasylvien et latéral anté- 
rieur. On y décéle des réponses aux trois mo- 
dalités principales: tactile, visuelle et audi- 
tive. 

D’autre part, au niveau de chaque aire 
primaire de projection d’une modalité senso- 
rielle déterminée, peuvent s’observer des ré- 
ponses secondaires, suscitées par la mise en 
jeu de chacune des deux autres modalités. 

D’autres activités irradiées, enfin, sont 
observables dans la région frontale de 1’é- 
corce (gyrus sigmoide et proreus). Certaines 
parmi ces réponses apparaissent liées a la 
mise en jeu de la voie pyramidale (Ascher et 
Buser 1958). 

Cette systématisation de la topographie 
d’irradiation — incompléte puisqu’elle ne 
eoncerne que la convexité des hémisphéres } — 


1 Des observations récentes nous ont révélé 1’exis- 
tence de projections sensorielles au niveau du gyrus 
cingulaire, ce qui définirait une quatriéme modalité 
topographique de 1’irradiation. 
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n’a d’autre but que de situer les modalités de 
répartition des réponses secondaires; il en res- 
sort que les zones associatives de 1l’écorce 
semblent les plus activement mises en jeu, 
mais que des phénoménes d’irradiation s’ob- 
servent également au niveau de territoires de 
projection primaire ou de l|’aire motrice pyra- 
midale. Aussi le qualificatif « d’associatif » 
ne peut-il en aucun eas étre appliqué 4 1’en- 
semble des réponses d’irradiation. Seules évi- 
demment celles localisées au niveau des aires 
associatives sont-elles justiciables d’une telle 
appellation, sous réserve de n’accorder a ce 
terme qu’une valeur purement descriptive et 
topographique. Le présent travail est précisé- 
ment limité a l’analyse des activités senso- 
rielles irradiées du premier groupe, celles re- 
cueillies au niveau du territoire associatif su- 
prasylvien (et, accessoirement, au niveau du 
gyrus latéral antérieur). 


TECHNIQUE 


Nos expériences ont porté sur 50 chats. 
Aprés trachéotomie et craniectomie, opéra- 
tions effectuées sous narcose a 1’éther, 1’ani- 
mal est immobilisé au curare (Flaxédil Spé- 
cia!) et placé sous respiration artificielle. Au 
bout de deux a trois heures, l’anesthésie géné- 
rale pouvant étre considérée comme dissipée, 
la dure-mére, précédemment incisée, est ré- 
elinée, et le cortex placé sous huile de paraf- 
fine. Pendant toute la durée de 1’expérience, 
la température centrale sera soigneusement 
contrélée; celle de 1l’écorce est maintenue 
aussi voisine que possible de la normale par un 
chauffage ménagé aux rayons infra-rouges. 


Les stimuli (choe électrique appliqué a la 
patte par une paire d’aiguilles sous-cutanées, 
éclair d’un phare stroboscopique, clic sonore 
bref) sont toujours appliqués a cadence trés 
lente: 0,1 a 0,5 par see. 


L’exploration électrique s’effectue par dé- 
rivation monopolaire ou bipolaire, sur une 
ou deux chaines d’amplification différen- 
tielle et les phénoménes, observés sur oscillo- 
graphe a double trace (Cossor 1049) sont en- 
registrés sur caméra Alvar. 


1 Gracieusement offert par la Société Spécia que 


nous tenons a remercier ici. 
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L’objectivation des réponses secondaires 
est, on le verra, rendue malaisée par 1’activité 
spontanée de l’écorce et, seule, une étude sta- 
tistique des tracés succédant au _ stimulus, 
devait permettre de dégager la réponse re- 
cherchée d’entre des variations purement 
aléatoires. A cet effet, la superposition d’un 
certain nombre de tracés de réponses sur le 
méme cliché (5, 10 ou parfois davantage) 
s’est avérée un procédé d’intégration simple 
et commode. 

En eas de stimulation sous-corticale (for- 
mation réticulée), celle-ci est effectuée a l’aide 
d’un appareil stimulateur Grass, du type S4, 
par |l’intermédiaire d’électrodes bipolaires con- 
centriques introduites stéréotaxiquement, la 
contention standard MHorsley-Clarke ‘étant 
alors utilisée. D’autres fois, 1’expérience ne 
requérant aucune opération de stéréotaxie, un 
simple maintien de la téte, moins douloureux, 
s’avérait suffisant. Dans tous les cas, les zones 
incisées — et, le cas échéant, les zones de con- 
tention — étaient anesthésiées localement 4 la 
novocaine. 

Un certain nombre d’expériences a com- 
porté des ablations de territoires corticaux li- 
mités. Celles-ci ont été pratiquées avec les 
meilleures précautions d’hémostase; 1’explo- 
ration électrique n’a toujours, d’autre part, 
été effectuée que de nombreuses heures aprés 
l’intervention (trois au minimum, plus géné- 
ralement 5 a 7 heures). 


RESULTATS 


I. Caractéristiques et répartition des répon- 
ses secondaires associatives. 


a) Données générales. 


Quelle que soit la qualité sensorielle qui les 
suscite, somesthésique,? visuelle ou auditive, 
des réponses secondaires sont observables, en 
dérivation monopolaire ou bipolaire, et qui se 
distinguent avec netteté de tout potentiel évo- 
qué primaire: ces activités, dans tous les cas 
bilatérales, recueillies sur les territoires asso- 


2 Nous ne faisons dans ce travail aucune diffé- 
rence entre modalités diverses de la somesthésie (sen- 
sibilités purement cutanée, proprioceptive, etc....), 
le qualificatif «tactile» ne servant 4 désigner — 
comme celui de somesthésique — que la stimulation 
globale que produit notre dispositif (aiguilles sous- 
cutanées). 
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aires ciatifs, apparaissent en effet moins amples, de En se fondant précisément sur les varia- 
ivité plus longue durée et de plus longue latence tions d’amplitude, il est possible de délimiter, 
otk (voir tableau I) qu’une réponse primaire; pour chaque type sensoriel, des zones de maxi- 
ilus, tantot monophasiques, plus souvent dipha- ma de réponses : les réponses somesthesiques, 
siques ou polyphasiques (méme en dérivation ainsi que les réponses visuelles, dominent lar- 
nent monopolaire), elles ne possédent pas la com- gement au niveau du cortex suprasylvien (fig. 
1 ail posante initiale positive bréve qui marque 2). Prises individuellement, les expériences 
ch typiquement cette derniére (fig. 1). révélent dans leur grande majorité, pour le 
uge ) 
nple 
for- 
aide 
S4, 
con- 

a 
tant 
» ne 
, un 
UX, 
nes 
20N- 
a la 
om- 
¢ lie 
les 
Dlo- 
ws Fig. 1 
wre Exemples de réponses secondaires 4 la stimulation somesthésique en A, 
Ne- (patte postérieure contralatérale), visuelle en B, (flash) et auditive en C, 
— chaque modalité, la réponse primaire correspondante a été simulta- 
nément recueillie respectivement en A,, B, et Cy. z 
Les foyers de dérivation primaires (triangles) et associatifs (cercles) sont 
on- reportés sur une vue dorsolatérale de 1’écorce. 
Chaque eliché représente la superposition de 10 groupes successifs de 
réponses. 
Les étalons (40 msec.) et ceux d’amplitude (100 ywV.) valent pour les 
trois graphiques. 
les Dérivations bipolaire en A, monopolaires en B et C, la négativité de 1’élec- 
= trode focale étant alors marquée par une déviation du spot vers le haut. 
' Cette convention sera respectée dans toutes les figures suivantes compor- 
en tant des dérivations monopolaires. 
fe b) Variations topographiques. tact comme pour la vision, l’existence de deux 
iin Pour chacune des trois modalités étudiées, zones de maxima le long du suprasylvien, 
ii l’exploration du gyrus suprasylvien laisse 1’une antérieure, la seconde plus caudale; sur 
apparaitre des variations systématiques, et une méme préparation, les maxima correspon- 
ffé- parfois assez brutales, d’un point 4 un point dant respectivement au tact et a la vision ne 
7 voisin, des paramétres des réponses, de l’am- coincident que trés rarement. Cependant, un 
pe plitude et de la latence en particulier, ces deux repérage cartographique, résumant 1’ensem- 
ion grandeurs variant fréquemment en sens in- ble des expériences, atténue fortement ces dif- 
bj verse. férences individuelles, étant donné la varia- 
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bilité qui se dessine d’un animal 4a 1’autre 
dans la position des maxima d’activité. On 
notera néanmoins que, si les zones antérieures 
tactile et visuelle sont plus ou moins confon- 
dues, les périmétres postérieurs sont distincts, 


TABLEAU I 


Ordres de grandeur des latences des réponses primaires 
et associatives sur préparation curarisée. 


Latence 
Modalité Localisation en msec. 
Tactile gyrus sigmoide 
postérieur 5 - 8 
(stimulation bréve 
de la patte 
postérieure ) gyrus suprasylvien 
médian 15 - 20 
Visuelle gyrus latéral 
postérieur 12 
(illumination bréve 
de 1’ceil 
contralatéral) gyrus suprasylvien 
médian 20 
Auditive gyrus ectosylvien 
médian 10 
(clic bref) gyrus suprasylvien 
médian > 15 


celui de la vision, nettement plus latéral, se 
situant vers la jonction des gyrus suprasylvien 
et ectosylvien postérieur. 

La topographie auditive révéele (fig. 2), 
dans son ensemble, une densité nettement plus 
faible de points d’activité. De plus, il ne nous 
a pas été possible de déceler jusqu’a présent 
avec netteté l’existence de maxima distincts; 
des réponses sont observables non seulement 
sur le gyrus suprasylvien, mais aussi sur le 
gyrus latéral antérieur et jusqu’a la limite du 
territoire somesthésique primaire I. 

L’examen des latences des réponses d’irra- 
diation n’a pas fait apparaitre de variations 
systématiques, en rapport avec celles des am- 
plitudes. En fait, 1’évaluation des latences, 
relativement difficile, constitue un test beau- 
coup moins sensible que celle des amplitudes 
et ne laisse guére espérer que des indications. 

Malgré cette restriction, il nous semble si- 
enificatif que, dans le domaine de la vision et 
du tact tout au moins, et pour une expé- 


P. BUSER et P. BORENSTEIN 


rience donnée, les délais les plus courts s’ob- 
servent pour les réponses les plus amples, 
e’est-a-dire au niveau de l’une ou 1’autre des 
deux zones suprasylviennes d’activité maxi. 
mum, dans la grande majorité des cas, ainsi 
que parfois dans le gyrus latéral pour le tact. 


Topographie Somesthésique 


Topographie Auditive 


A Primaire 


* Irradiation 


ic. 2% * 
* * iad 
Fig. 2 
Superposition, sur un méme schéma de la convexité 
corticale du chat, de l’ensemble des données topo- 
graphiques obtenues, pour les trois modalités senso- 
rielles. 
Selon la convention généralement adoptée ici, repérage 
des points de réponses primaires par des triangles et 
de réponses secondaires par des cercles. 
Tous les foyers associatifs «<actifs», c¢’est-a-dire 
donnant des réponses caractéristiques, ayant été fi- 
gurés de maniére identique, ce graphique n’est pas 
destiné 4 traduire les différences spatiales d’ampli- 
tude qui ont pu étre observées & propos de chaque cas 
particulier. (Explications, voir texte). 


II. Modifications expérimentales des réponses 
d’irradiation. 
Un certain nombre de modifications carac- 
téristiques des réponses d’irradiation a pu 
étre observé au cours de nos expériences, en 
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particulier sous 1’effet d’actions pharmacolo- de l’agent convulsivant, pour n’étre pas aussi 
giques. spectaculaire que la classique action sur le 
des L’application locale de strychnine diluée  potentiel primaire, n’en atteste pas moins la 

: sur un point actif du gyrus suprasylvien dé- réalité et l’individualité d’une projection en 


aXi- 
ins} termine l’accroissement sensible des réponses ce niveau de l’écorce associative (fig. 10, A, b; 
act. secondaires qui y sont recueillies. Cet effet fig. 11 Ai; @). 
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Disparition élective d’une réponse suprasylvienne somesthésique sous i’effet d’ 


nistration de barbiturique (Nembutal). 
mses Stimulation de la patte postérieure gauche et déri 
Etude, sur la figure de droite, du tracé spontané, avec repérage des stimulations sur la 


chaine du haut; superposition, 4 gauche, des réponses primaires (triangles) et secondaires 
‘rae- (cercles), recueillies pendant la période correspondante, respectivement dans l’aire somes- 

thésique I (som) et sur le territoire suprasylvien médian (ss). La comparaison de A et C 
_ pu révéle la disparition compléte de la réponse suprasylvienne et le maintien de la ré- 
;, en ponse primaire (premiére phase). En B, étape intermédiaire (voir texte). 


vations bipolaires sur le cortex droit. 
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L’injection de chloralose a dose narcotique 
habituelle (8 eg/kg. environ) modifie sensi- 
blement la topographie «associative». En 
méme temps qu’un accroissement des poten- 
tiels primaires et qu’une disparition quasi- 
totale de l’activité spontanée, il se produit une 
amplification des réponses associatives, mais 
qui porte électivement sur les foyers de maxi- 
ma, en sorte que le nombre de points supra- 
sylviens actifs baisse relativement. Du fait de 
eette concentration spatiale, et également de 
ee que les réponses elles-mémes deviennent 
alors plus simples et stéréotypées, l’analyse de 
la topographie associative sous chloralose pro- 
fond s’en trouve facilitée et fournit des don- 
nées systématiques (voir Discussion). 


Signalons, d’autre part, que les réponses 
elles-mémes se transforment sous 1’effet du 
chloralose: largement simplifiées dans leur 
allure, elles se présentent en effet comme une 
onde positive de 25 4a 30 msec. de durée, en 
général unique, accessoirement suivie d’un 
élément négatif. | 

Ajoutons qu’a l’inverse des effets précé- 
dents, la moindre dépression, quelle qu’en soit 
la cause, locale ou générale (lésion de 1’écoree, 
baisse de pression artérielle,...) abolit toute 
irradiation, méme a un stade ot les systémes 
primaires n’ont encore subi que peu de modifi- 
cations, si ce n’est une simple réduction de 
leur seconde phase négative, dont la grande 
sensibilité aux effets dépresseurs est classique. 


L’action des barbituriques, en l’espéce du 
Nembutal, nous a paru polyvalente et difficile 
a déterminer avec précision. 

Pour une dose faible, des rythmes amples 
s’installent, réguliers et en général assez 
lents: la superposition des tracés ne laisse plus 
apparaitre alors que leur succession aléatoire 
et les figures de réponses secondaires sem- 
blent, la plupart du temps, brouillées. 

A des doses supérieures, lorsque le tracé 
spontané prend l’allure plus particuliére 4 
l’anesthésie barbiturique, il est significatif 
que les réponses associatives disparaissent, 
alors que les activités primaires — ou tout au 
moins leur premiére composante positive — 
restent parfaitement visibles (fig. 3, C). 

Il peut arriver que, pour des doses inter- 
médiaires de barbituriques, ou, d’autres fois, 
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dans une certaine phase de 1’installation pro. 
gressive d’une narcose profonde, des activités 
irradiées, a trés longue latence, soient observa- 
bles (fig. 3, B). Nous n’en avons pas effectué 
l’étude systématique, mais il n’est pas exclu 
que de telles réponses s’apparentent aux « dé. 
charges secondaires » de Forbes et coll. (For- 
bes et Morison 1939; Purpura 1955). 


Enfin, l’amplitude et la régularité des ré.- 
ponses secondaires dépend étroitement du 
tracé cortical spontané; aux habituelles alter. 
nances de rythmes veille-somnolence corres- 
pondent, en effet, des modifications caracté- 
ristiques, qui vont étre envisagées dans un 
paragraphe particulier. 


III. Evolution des réponses secondmres au 
cours des alternances veille-somnolence, 


Sur préparation curarisée, les caractéristi- 
ques du tracé spontané varient sensiblement 
d’un animal a l’autre. Certaines fois, on peut 
observer des rythmes de somnolence (fu- 
seaux), alternant avec des tracés activés typi- 
ques d’un état de veille; dans d’autres cas, 
seuls existent ces derniers. Or, il nous est 
apparu dés les premiéres expériences que, 
pendant les phases d’activation corticale — 
et de facon constante par conséquent, dans le 
second type de préparation — il était impossi- 
ble d’observer des réponses d’irradiation. 
Leur existence paraissait, dés lors, liée au 
« niveau de vigilance » de l’animal tel que 
permettait de ]’évaluer tout au moins 1’exa- 
men électrocorticographique. 


Pour préciser ces premiéres données, il y 
avait lieu de systématiser quelque peu les mo- 
dalités de 1l’expérimentation. Tout d’abord, 
l’administration d’une dose trés faible de 
chloralose (1/100 de la dose narcotique), selon 
une technique déja utilisée par un certain 
nombre d’auteurs (Moruzzi et Magoun 1949; 
Jasper, Naquet et King 1955, ete.) a permis 
de développer 4 coup sir, sur des prépara- 
tions initialement trés vigiles, un tracé de som- 
nolence (fuseaux ou rythmes lents); d’autre 
part, afin de pouvoir au besoin susciter une 
activation corticale au moment choisi, une 
électrode bipolaire stimulatrice était introduite 
en début d’expérimentation dans la formation 
réticulée mésencéphalique; enfin, simultané- 
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Fig. 4 


Evolution de réponses somesthésiques primaire et suprasylvienne en fonction du niveau d’acti- 
vation électrocorticale. Préparation trés légérement chloralosée (5 mg/kg). Méme dispositif 
des graphiques que sur la figure 3 (tracé spontané 4 droite, superposition des réponses évo- 


quées & gauche); dérivations somesthésique I (som. et triangles) et suprasylvienne (ss et 
cercles). 
En A et D, tracés de « somnolence » (voir texte). Bon développement de 1’une et 1’autre 


réponse. 

En B et C aprés « réveil » électrocortical produit par stimulation répétitive de la gencive 
(entre fléches): légére réduction de la réponse primaire, profonde dépression de 1’activité 
suprasylvienne. 


En E, 


tracé « semi-rapide » pris ultérieurement, montrant la présence de réponses associatives 


amples (cas exceptionnel, voir texte). 
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ment avec l’enregistrement sur oscillographe 
eathodique, l’activité spontanée était, au cours 
de ces expériences, contrdlée sur scripteur a 
plumes. 

Les résultats obtenus dans ces conditions 
ont été les suivants: 


développement, en méme temps d’ailleurs que 
les réponses primaires présentent, elles aussi, 
une grande amplitude (fig. 4, A et D; fig. 5 
A et B). 

2) La situation se modifie lorsque s’ins- 
talle une phase de tracé activé, témoignant 


? 


Fig. 5 

Détails de 1’évolution de réponses somesthésiques (en A) et visuelles (en B), en cas de réveil 
électrocortical par stimulation électrique de la formation réticulée mésencéphalique. 

A: réponses somesthésique I et suprasylvienne antérieure 4 la stimulation de la patte posté- 
rieure contralatérale. En St FR, stimulation réticulaire répétitive (chocs de 3 V, 1 msec., a 
300/sec. pendant 2 sec.);: Tracés successifs pris 3, 8, 15, 40 sec., puis 2 et 5 min. aprés la fin 
de la stimulation réticulaire. 

B: Etude analogue des réponses visuelles primaire, suprasylvienne antérieure (1) et supra- 


sylvienne postérieure (2). Mémes paramétres de stimulation réticulaire (Stim. rétic.). 

Tracés pris: en 1: 10, 30, 50 sec. et en 2: 30 et 50 sec. aprés le début de 1’arousal. 

On note en A comme en B, la disparition transitoire compléte des réponses secondaires, la 
simple dépression des réponses primaires, plus importante en A qu’en B. 


Temps: 50 ¢/sec. 
Amplitudes: 100 nV. 
Dérivations monopolaires. 


1) Le tracé cortical le plus habituellement 
obtenu sur une telle préparation offre une al- 
ternance de rythmes rapides de courte durée 
et de variations lentes ou de fuseaux. C’est au 
cours d’un tel tracé que les réponses d’irra- 
diation nous apparaissent dans leur plus grand 


d’un réveil électrocortical (arousal) provoqué 
soit par une excitation périphérique intense 
(stimulation douloureuse de la gencive, par 
exemple), (fig. 4, B), soit par une stimulation 
électrique de la formation réticulée mésencé- 
phalique par application, pendant 2 a 3 sec., 
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de chocs de 1 msec. de durée, de quelques volts, d’activation et que se développeront 4 nou- 

que a fréquence de 100 a 300 par sec. (fig. 5). veau des rythmes plus amples et lents (fig. 

—_ Dés 1’établissement du tracé d’éveil ou, le 4D). 

g. 9, eas échéant, a la fin de la stimulation réticu- Le degré de dépression, dont témoignent 

on laire, on note une dépression plus ou moins les réponses associatives pendant 1’activation 
S- 

lant 


re A Rep primaire | 


of | @ Rép assoc 


ic. Fig. 6 

| Schéma comparant, pour une expérience type, 1’évolution pendant 90 min., 
des amplitudes d’une réponse somesthésique primaire et d’une réponse 
suprasylvienne, évoquées par stimulation de la patte antérieure contralatérale. 
En ordonnées: amplitudes absolues des réponses (unités arbitraires). 

En noir: périodes de tracé « vigile »; en blanc: périodes de « somnolence ». 
En A, B, C, réveils par stimulation de la gencive; en D, réveil « spontané » 
de la préparation. 

Noter en B et C, l’inégale dépression des réponses primaires et associatives 
et en D, la seule dépression des secondes. 

En A, mauvais réendormissement de 1]’animal (pointillés) ; instabilité cor- 
rélative des amplitudes des réponses. 


profonde des réponses secondaires (fig. 4 C,5 corticale, apparait lié aux conditions mémes 
A et B). Celles-ci ne réapparaitront que pro- dans lesquelles est obtenue cette activation: 


gressivement au cours des secondes ou delami- c’est ainsi que le réveil par stimulation réti- 
nute suivante, 4 mesure que s’effacera le tracé culaire entraine une disparition transitoire 
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Comparaison, analogue a la figure 6, des amplitudes de réponses somestbkési- 
ques primaire et suprasylvienne aprés activation par stimulation réticulaire. 
ir Abcisses: temps en secondes aprés la fin de la stimulation. 

n Ordonnées: hauteurs des réponses évaluées en p. 100 de 1’amplitude précé- 
P dant 1’éveil. 

Explications: voir texte. 


294 P. BUSER et P. 


compléte de ces phénomeénes, tandis qu’une 
stimulation activatrice « naturelle » (stimula- 
tion douloureuse par exemple), pourra ne sus- 
citer qu’une dépression partielle (comparer 
fig. 4 et 5; de méme fig. 6 et 7). 

Pendant la méme période de tracé de veille, 
les réponses primaires auront, elles aussi, ma- 
nifesté une réduction d’amplitude qui aura 
touché, selon les eas, soit uniquement leur 
seconde phase négative, soit également leurs 
premiers éléments, conformément d’ailleurs 
a ce qui a été signalé par d’autres auteurs 
(Bremer 1951; Gauthier, Parma et Zan- 
chetti 1956, ete. voir Discussion ). 


Néanmoins, il ressort clairement des gra- 
phiques présentés (fig. 6 et 7) que la dépres- 
sion des réponses primaires, qui est suscepti- 
ble d’étre associée a ]’éveil cortical, n’est, en 
aucun cas, ni aussi. profonde, ni aussi prolon- 
gvée que celle qui affecte les réponses d’irra- 
diation. 


Il n’est méme pas rare d’observer des cas 
de réveil « spontané » de la préparation au 
cours desquels la dépression n’affecte que des 
réponses associatives (fig. 6 D), les potentiels 
primaires restant alors peu modifiés. 


TABLEAU II 


Comparaison, dans une expérience-type, des dépres- 
sions des réponses primaires et associatives, suecédant 
immédiatement 4 un réveil électrocortical par stimula- 
tion naturelle ou réticulaire. Les amplitudes des ré- 
ponses sont exprimées en p. 100 de 1’amplitude ob- 
servée avant éveil. 


Activation Activation 
naturelle réticulaire 
Réponse 
primaire 100 - 55 65 - 50 
Réponse 
associative 40 - 25 0 


3) Il existe une troisiéme situation dans 
laquelle les réponses peuvent également dispa- 
raitre. Certaines fois, en effet, on est frappé 
par ]’impossibilité d’individualiser clairement 
ces réponses, la superposition des tracés ne 
montrant plus qu’une succession d’ondes len- 
tes, réparties au hasard dans le temps. Ce 
mode d’effacement des phénoménes irradiés 
— par «brouillage » — peut s’observer en 


BORENSTEIN 


particulier sous 1’effet d’une dose moyenne de 
barbiturique ; d’autres fois, 11 survient sponta- 
nément, l’activité corticale se révélant alors 


Fig. 8 


Préparation légérement chloralosée. Cas d’une réponse 
secondaire somesthésique (suprasylvienne) <« brouil- 
lée » par l’activité spontanée. 

Aprés stimulation réticulée (stim SR), une réponse 
suprasylvienne est transitoirement visible, 15 et 25 
sec. aprés la stimulation (clichés 2 et 3); elle dispa- 
rait en 4 et en 6. En 7, méme animal, effet « régula- 
risant » de 1’application, 4 la formation réticulée, 
d’une bréve série de chocs électriques avant chaque 
stimulation tactile: obtention dans ce cas d’une ré- 
ponse suprasylvienne assez constante. 

Dérivation primaire: aire somesthésique I. 

Temps: 50 ¢/sec. 

Amplitude pour les 2 chaines: 100 uV. 
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particuliérement riche en variations lentes, 
ce qui indique alors que la préparation se 
trouve dans un état de sommeil profond. 

On pourrait en somme schématiser ces 
eorrélations entre le développement des répon- 
ses secondaires et les aspects du tracé cortical 
spontané — indices du niveau de vigilance — 
en considérant trois phases distinctes: celle, 
«moyenne », d’irradiation optimum, se si- 
tuant entre deux phases de disparition de ce 
phénoméne, l’une correspondant a 1l’activa- 


viennes ne sont observables que de maniére 
trés fugace, entre le moment de leur dispari- 
tion par « brouillage » et celui de leur efface- 
ment lors du réveil (fig. 8, n° 2 et 3); autre 
fait significatif, dans de telles préparations, 
l’application d’un train de chocs a la forma- 
tion réticulaire, avant chaque stimulus péri- 
phérique, constitue un moyen de faire appa- 
raitre ces réponses associatives (fig. 8, n° 7): 
cette observation peut se comprendre si l’on 
admet qu’un certain niveau de vigilance — 
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Fig. 9 


Exemple de « réveil spontané » progressif, intéressant successivement l’aire suprasylvienne 
(fléche), puis 1’aire somesthésique. On note qu’en B, bien que 2 stimulations sur 3 aient été 
appliquées en présence de rythmes lents, les potentiels irradiés sont d’amplitude faible par 


rapport au contrdéle A. 
Explications: voir texte. 


tion d’éveil, 1’autre 4 un approfondissement 
du sommeil. I] s’agit 1a, notons-le bien, d’une 
conception un peu théorique; il est en effet 
rare de voir se succéder sur une méme pré- 
paration et avee une égale netteté, les trois 
situations. 

C’est ainsi que, dans la plupart des eas, 
un tracé de «vigilance moyenne» alterne 
avee un tracé d’éveil; dans ces conditions, le 
développement des réponses secondaires suit 
étroitement les oscillations de 1’activité spon- 
tanée. D’autres fois, la préparation développe 
un rythme lent, soutenu, qu’une stimulation 
réticulaire peut supprimer transitoirement. II 
est net que, dans ce cas, les activités suprasyl- 


done un certain degré de « tonus réticulaire » 
— est nécessaire au développement des répon- 
ses associatives. 


Remarque 


Nous noterons qu’il peut s’observer des 
phases transitoires au cours desquelles la cor- 
rélation entre le tracé spontané et 1’amplitude 
des réponses associatives ne correspond pas 
au schéma proposé : 

D’une part, il arrive que des réponses as- 
sociatives de grande amplitude soient visibles 
pour un tracé spontané d’éveil. Un examen 
détaillé de ce tracé révéle que, dans ce cas, 
l’accélération des fréquences et la baisse d’am- 
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Ablations delaire Visuelle 


Fig. 10 


Persistances, dans trois exemples, de réponses associa- 
tives visuelles aprés ablations des aires de projection 
correspondantes. 

A: aprés ablation unilatérale, la réponse suprasyl- 
vienne antérieure, visible en a, est amplifiée en b par 
strychninisation légére. 

B: aprés ablation bilatérale, persistance de diverses 
réponses sur les deux cortex suprasylviens. 

C: résumé d’une exploration topographique effectuée 
six heures aprés large striectomie bilatérale: persis- 
tance de deux foyers visuels suprasylviens. 

Temps: 50 ¢/see. 
Amplitude: 100 ,»V. 
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plitude n’ont pas atteint le degré caractéris- 
tique d’une activation d’éveil et que ce type 
de rythme « semi-rapide » s’intereale en gé. 
néral entre des bouffées espacées de fuseaux 
(fig. 4, E). 

A l’inverse, on peut certaines fois observer 
une dépression générale des réponses associa- 
tives (et primaires), alors que le tracé spon- 
tané n’a encore traduit aucune activation; 
toutefois, fait intéressant, de telles dépressions 
précédent toujours immédiatement un réveil 
naturel. La figure 9 B est significative de 
ce phénoméne. 


IV. Degré d’indépendance des activités secon- 
daires vis-a-vis des mécanismes de pro- 
jection primare. 


L’existence des réponses sensorielles du 
cortex associatif posait évidemment le pro- 
bléme de leur origine et des voies nerveuses 
qui conduisent 1’information sensorielle vers 
le cortex suprasylvien ou latéral antérieur. 


Il est habituel, depuis Flechsig (1896) et 
surtout Cajal (1911) de faire dépendre les 
opérations corticales complexes « d’associa- 
tion » et « d’élaboration gnosique » d’une ré- 
verbération a partir des aires de projection 
primaire: ainsi pouvait-on s’attendre, aux 
termes de cette conception traditionnelle, a ce 
que l’activité suprasylvienne soit étroitement 
liée — par un jeu de voies cortico-corticales — 
a celle des territoires respectivement somes- 
thésiques ou visuels ou auditifs. 


Ce probleme de 1’organisation des systémes 
associatifs comportait nécessairement divers 
aspects, dont certains seront évoqués au cours 
de la discussion. L’un d’eux, assez directe- 
ment accessible a l’expérimentation sous ¢u- 
rare, est celui du degré de dépendance de ces 
réponses secondaires par rapport aux aires 
primaires de la modalité sensorielle correspon- 
dante. Nous l’avons abordé, soit en procédant 
a l’extirpation, unilatérale ou bilatérale, d’un 
secteur primaire, soit en modifiant artificiel- 
lement sa réactivité par une action pharmaco- 
logique. 


A. Ablations corticales. 


A propos de chaque modalité sensorielle, 
il a été effectué un certain nombre d’expé- 
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riences (12 en tout), comportant 1’ablation 
extensive des territoires primaires. 

L’analyse topographique, réalisée  plu- 
sieurs heures aprés l’extirpation, a en général 
révélé, d’une maniére ou d’une autre, la per- 
sistance de réponses suprasylviennes: tantdt 


une zone précise d’activité étant explorée 
avant et apres ablation, on a noté, aprés dissi- 
pation de l’effet de dépression, un retour de 
la réponse a l’amplitude initiale (fig. 10 A 
et B; fig. 11 B, b et c) ; tantdt, cette réponse 
tardant a réapparaitre, l’application locale de 


Fig. 11 


Destinées d’une réponse secondaire somesthésique (A) et de réponses acoustiques 
(B) aprés ablations bilatérales des aires primaires correspondantes. 

En A:la réponse somesthésique a disparu aprés ablation de ]’aire 1; toutefois, 1’appli- 
cation de strychnine (¢), ou, ultérieurement, ]’injection d’une petite dose de chlora- 
lose (d) révélent le maintien d’une projection en ce point. 

En B, 1’ablation des aires I, II et, partiellement, III conserve intacte la réponse en 
2, déprime la réponse en 1, tandis que toute réponse primaire a disparu. 

Temps: 20 ¢/see. 

Trait d’amplitude: 100 wV. pour A et le tracé supérieur de B; 200 uV. pour le 
tracé inférieur de B. 
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strychnine ou 1l’administration de chloralose 
a permis de montrer le maintien d’une pro- 
jection sensorielle 4 ce niveau (fig. 11, A); 
dans un certain nombre d’expériences, enfin, 
l’exploration plus systématique du cortex a 
fait ressortir la conservation de divers foyers 
d’activité (fig. 10 C; fig. 12). 

On examinera ci-dessous la critique que 
peuvent soulever ces expériences, dans la me- 
sure ou les ablations d’aires primaires — 
ainsi qu’a pu le révéler 1’exploration électri- 
que subséquente — n’ont pas été absolument 
totales. 


Ablations de I‘aire 
somesthesique I 


Fig. 12 


Répartition de réponses somesthésiques suprasylvien- 
nes dans deux expériences ayant comporté des ablations 
bilatérales des aires somesthésiques I. En 1, 1’explo- 
ration n’a porté que sur le cortex gauche. 


B. Traitement pharmacologique du cortex 
primaire. 


L’existence ou, au contraire, l’absenee de 
répercussions, sur les réponses secondaires, 
d’une modification de la réactivité neuronique 
au niveau de l’aire primaire, pouvaient, de 
leur c6té, renseigner sur l’importance des in- 
teractions entre les deux types de territoires. 
Une telle approche peut comporter — 4a 
l’exemple de celle que Bremer et coll. (1954) 
utilisérent dans l’analyse des réponses audi- 
tives — une application locale soit de strych- 
nine diluée (5/1000), soit d’une substance 


econnue pour son effet dépresseur (syncaine 4 
2 pour cent, Nembutal a 6,5 pour cent, KCl 
dilué, ete. ). 

Une dizaine d’expériences furent entrepri- 
ses dans ce sens; or, dans la trés grande majo- 
rité des cas, les résultats furent nettement 
négatifs, les réponses secondaires ne semblant 
subir aucune modification réellement signifi- 
eative, que le potentiel primaire grandisse 
sous l’effet de la strychnine ou soit déprimé 
par la syneaine ou le Nembutal (en dehors, 
bien entendu, de réductions tardives dues a 
l’extension d’une dépression corticale). la 
figure 13 illustre assez typiquement cette in- 
dépendance, que nous avons trés générale- 
ment notée, entre les deux formes d’activité 
corticale. 


Seuls, dans quelques rares cas, des effets 
valables d’acecroissement ou de dépression im- 
médiate — et a distance — semblent avoir été 
obtenus; c’est ainsi que certaines fois le trai- 
tement de l’aire visuelle semble atteindre les 
zones suprasylviennes (en particulier, la zone 
postérieure). Néanmoins, il nous a été diffi- 
eile d’éliminer toutes les évidentes causes d’er- 
reurs qui tiennent en particulier, on le con- 
coit, au danger de diffusion soit de la subs- 
tance elle-méme, soit d’une dépression créée 
lors de son application. 


DISCUSSION 


Un certain nombre d’arguments nous con- 
duisent 4 reconnaitre la réalité des réponses 
suprasylviennes et 4 réfuter l’hypothése — 
que nous avions nous-méme formulée au dé- 
but — de leur origine possible 4 partir d’une 
extension strictement intracorticale, soit pu- 
rement physique, soit physiologique, des ac- 
tivités de projection vers les zones associati- 
ves: l’incontestable différence d’aspects et de 
caractéristiques chronologiques entre ces ré- 
ponses et les potentiels primaires, comme aussi 
l’indépendance qu’elles manifestent vis-a-vis 
des aires de projection, constituent autant de 
preuves en faveur de 1’individualité, que nous 
postulons, de ces activités irradiées. Tout en 
prouvant ainsi la réalité d’une irradiation des 
systémes sensoriels vers les territoires asso- 
ciatifs de l’écorce (gyrus suprasylvien en par- 
ticulier), notre hypothése implique, a 1’en- 
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contre en quelque sorte d’une conception tra- 
ditionnelle que nous avons rappelée, que les 
voies de ces projections associatives sont in- 
dépendantes des aires primaires. Certes, les 
ablations pratiquées n’ont été dans 1’ensemble 
que subtotales et l’on pourrait arguer de ce 


fait — dans 1’éventualité d’une origine des 
réponses secondaires par réverbération corti- 
cale — que la seule persistance d’une faible 


partie du territoire primaire suffirait 4 assu- 
rer la totalité de l’activation suprasylvienne ; 
une telle hypothése, envisagée dans le cadre 


Fig. 13 
Expérience soulignant, 4 propos de réponses somesthésiques, 1’indépendance entre 
activités primaire et associative (stimulation de la patte antérieure contralatérale). 
Colonne A: strychninisation locale ménagée (5/1000) de 1l’aire somesthésique I. 
Aprés accroissement corrélatif de la réponse primaire (colonne B), dépression 
de celle-ci par application locale de Nembutal (6,5 pour cent). 
Colonne C: aprés retour aux amplitudes normales, application locale de syncaine 
(2 pour cent) sur ]’aire primaire, puis de strychnine (5/1000) sur le foyer supra- 
sylvien. 
Evolution 4 peu prés complétement indépendante des deux phénoménes et absence 
de réperecussions sur le cortex suprasylvien, des modifications de la réactivité 
primaire. 
Temps: 50 ¢/sec. 
Amplitude: 250 nV. Sauf spécification (2 derniers graphiques de la colonne C), 
le gain de la chaine supérieure (réponse secondaire) n’a pas été modifié par rapport 
au contrdéle. 
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de la préparation aigué, nous parait peu vrai- 
semblable. 

Peu d’attention semble avoir été portée 
antérieurement aux activités non primaires 
de préparations non narcotisées; rappelons 
toutefois 4 ce propos que 1’obtention de poten- 
tiels secondaires sous curare nécessite, la plu- 
part du temps, on a pu le voir, certaines 
précautions expérimentales qui nous ont paru 
indispensables, les unes physiologiques (con- 
trole du niveau de vigilance de la prépa- 
ration), d’autres instrumentales (analyse sta- 
tistique du tracé de réponse). 

A certains égards, nos observations se rac- 
cordent par contre a des résultats obtenus sur 
l’animal anesthésié, soit au chloralose, soit 
aux barbituriques. Dans le cas de la narcose 
au chloralose, nous avons déja souligné ci- 
dessus que des afférences sensorielles sont 
mises en évidence de maniére particuliérement 
aisée en des zones précises du cortex asso- 
elatif. C’est ainsi que pour la somesthésie, un 
foyer se dessine au niveau du gyrus latéral 
antérieur, deux autres sur le cortex supra- 
sylvien, l1’un antérieur, l’autre postérieur; la 
vision posséde deux foyers suprasylviens; 
quant aux projections auditives, elles se ré- 
partissent d’une part sur le gyrus suprasyl- 
vien, d’autre part, sur le gyrus latéral anté- 
rieur (Amassian 1954; Albe-Fessard et Rou- 
geul 1958; Buser et coll. 1959). Bien que sous 
Flaxédil 1’irradiation soit plus extensive que 
sous chloralose, les deux types de topographies 
associatives sont suffisamment proches pour 
autoriser d’utiles comparaisons. 


Quant a l’anesthésie barbiturique, son ac- 
tion semble, ainsi que nous l’avons souligné, 
particuliérement complexe. II] est hors de 
doute que, sous nareose profonde et prolongée, 
certaines composantes d’irradiation restent 
observables, puisque des réponses visuelles ont 
été signalées 4 plusieurs reprises dans ces 
conditions (Marshall et coll. 1943; Clare et 
Bishop 1954; Harman et Berry 1956). Néan- 
moins, une narecose plus légére les supprime 
par « brouillage » (voir ci-dessus) et un sur- 
dosage les abolit complétement. Peut-étre une 
étude plus poussée permettrait-elle de préciser 
davantage ces diverses phases de 1’action des 


barbituriques, que nous n’avons fait qu’é. 
baucher ici. 


En ce qui concerne |’individualité des ac- 
tivités associatives, nos expériences sous chlo- 
ralose, comme celles de Albe-Fessard et Rou- 
geul (1958), ont également montré que la sup- 
pression pharmacologique ou bien 1’excision 
d’une aire primaire n’abolit pas les réponses 
suprasylviennes, ce qui plaide, ici encore, en 
faveur d’une divergence sous-corticale entre 
les deux systémes de projection. D’autres 
travaux placent, au contraire, 1’activité asso- 
ciative sous la dépendance — par réverbéra- 
tion directe ou indirecte — de l’aire primaire: 
e’est ainsi que pour Marshall et coll. (1943), 
puis Clare et Bishop (1954) et Harman et 
Berry (1956), les réponses visuelles supra- 
sylviennes — probablement homologues de 
celles observées ici — proviendraient secon- 
dairement du cortex primaire; pour Amassian 
(1954), il en serait de méme des activités so- 
mesthésiques associatives recueillies sous chlo- 
ralose dans le gyrus latéral antérieur, la ré- 
verbération étant soit directe (cortico-corti- 
eale), soit indirecte (cortico-thalamo-cortica- 
le); Bremer, Bonnet et Terzuolo (1954) en- 
fin, analysant les réponses de 1’aire acoustique 
ectosylvienne postérieure (Ep I) concluent 
— dans le méme sens — 4a une origine, tout 
au moins partielle, par réverbération au ni- 
veau de l’aire I, des influx acoustiques qui 
sollicitent cette région, qui pourrait ainsi cons- 
tituer une aire <« psycho-acoustique » (au 
sens classique). 


Les arguments qui parlent, pour ces divers 
auteurs, en faveur de la nature réverbérée de 
l’activité associative sont multiples. En fin 
de compte, la seule preuve décisive en faveur 
de l’une ou l|’autre maniére de voir est évi- 
demment la destinée des réponses aprés abla- 
tion des zones primaires, 1’individualité de la 
projection associative n’excluant pas 1’exis- 
tence d’interactions de second ordre entre les 
deux catégories de territoires, primaires et 
associatifs. D’autant plus que des documents 
existent, bien que moins abondants pour les 
carnivores que pour les primates, faisant état 
de la richesse de connexions entre le cortex pri- 
maire et certaines zones voisines, les unes 
basées sur l’anatomie (Polyak 1927), d’autres 
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plus rares, sur la neuronographie (Garol 
1942). Nous avons cherché a diverses re- 
prises 4 vérifier ce principe de « double assu- 
rance » des projections associatives suprasyl- 
viennes: on a vu que, dans la majorité des 
eas, cette recherche s’était soldée par un 
échee. Peut-étre les quelques indications po- 
sitives auxquelles nous n’avons finalement 
accordé qu’un ecrédit limité, étant donné la 
proximité des deux territoires explorés, sont- 
elles au contraire significatives ? D’autres 
expériences pourront en décider. 


A priori, on pouvait étre tenté d’attribuer 
«irradiation associative » que nous obser- 
vons a4 l’activité du systéme 4 projection 
« diffuse », qui recoit, selon les données ad- 
mises, des afférences sensorielles par collaté- 
rales vers la formation réticulée (Starzl, Tay- 
lor et Magoun 1951; Dell 1952; Ingvar et 
Hunter 1955 ete.; voir Moruzzi 1956; Rossi et 
Zanchetti 1957), mais dont 1’aboutissement 
cortical, sous la forme d’une réponse évoquée, 
n’a été précisément que rarement signalé jus- 
qu’ici (French, Verzeano et Magoun 1953 a). 


Toutefois, il ne nous semble pas que le pro- 
bléme hodologique de 1’irradiation puisse étre 
posé de maniére aussi simple qu’aurait pu le 
laisser prévoir cette notion de « systéme ex- 
tralemniscal ». Des données recueillies sur la 
préparation chloralosée, il résulte en effet que 
les foyers suprasylviens — beaucoup plus cir- 
conscrits que sous curare — seraient 1’abou- 
tissement de voies purement thalamocorticales, 
hodologiquement indépendantes de la « route 
non spécifique » centrencéphalique ; nous qua- 
lifions ailleurs (Buser et coll. 1959) d’asso- 
ciatifs spécifiques ces systémes dont 1’exis- 
tence semble avoir déja été postulée par 
Jasper et coll. (1952). Il est done raison- 
nable de supposer que, en l’absence d’anes- 
thésie, ces systémes d’association sont égale- 
ment actifs et contribuent done pour une part, 
4 irradiation. D’autres expériences devront 
préciser si, dans les mémes conditions, cer- 
taines réponses d’irradiation sont, au con- 
traire, directement dues au systéme a projec- 
tion diffuse: ou bien le chloralose n’agit qu’en 
limitant simplement un certain degré d’ex- 
tension latérale au niveau du thalamus comme 
du cortex, ou, au contraire, il bloque — 4 


l’exemple d’autres anesthésiques — (French, 
Verzeano, Magoun 1953b; Arduini et Arduini 
1954) les activités d’origine centrencéphalique 
pour ne conserver que les systémes diencépha- 
liques. Nous ne saurions actuellement tran- 
cher sur ce point. 


La plupart des auteurs s’accorde pour re- 
connaitre que l’activation corticale intense 
(par stimulation périphérique nociceptive ou 
stimulation réticulaire) entraine une diminu- 
tion de 1’amplitude des potentiels évoqués pri- 
maires, 4 des degrés différents selon les cas 
(Moruzzi et Magoun 1949; Bremer 1951, 
Pertuiset, Marty et Scherrer 1953; Gauthier, 
Parma et Zanchetti, 1956; Desmedt et La 
Grutta 1957). Les opinions divergent quant 
au niveau de cette interaction dynamique, la 
possibilité d’une inhibition 4 l’étage du pre- 
mier relais (Hernandez-Peén et coll. 1956) ou 
du relais thalamique (King et coll. 1957), 
n’étant pas exclue. 


La disparition des phénoménes secondaires 
pendant |’activation du tracé cortical — beau- 
coup plus accentuée, on l’a vu, que pour les 
réponses primaires — peut résulter soit d’une 
inhibition véritable, soit d’une occlusion, ]’un 
ou l’autre mécanisme pouvant d’autre part se 
situer soit au niveau thalamique, soit au niveau 
cortical. Nos données ne nous permettent pas 
actuellement de répondre a la premiére ques- 
tion; quant a la localisation du processus, un 
certain nombre d@’observations préliminaires 
(Buser et Borenstein 1957) nous ont conduits 
a suggérer que, selon les conditions expéri- 
mentales et surtout la modalité sensorielle 
considérée, 1l’interaction entre les systémes 
associatifs et le systéme activateur ascendant 
pourrait avoir son siége tantdt au niveau 
thalamique, tantdt au niveau cortical. Rappe- 
lons a ce propos des observations rapportées 
ici, qui, de temps en temps, révélent un déca- 
lage entre 1’évolution de 1’activité spontanée 
corticale et celle de l’irradiation: plutét que 
d’évoquer dans ce cas précis une relation de 
cause a effet entre 1’un et l’autre processus, 
ces faits suggérent qu’un mécanisme de con- 
trdle commun a été mis en jeu, qui n’a pas 
agi avec une absolue simultanéité sur les deux 
types d’activité. 
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On peut enfin chercher 4 comprendre la 
signification du « contréle » de 1’irradiation 
sensorielle par le systéme activateur. Le sens 
dans lequel s’effectue un tel controle (dispa- 
rition de l’irradiation en cas d’intense vigi- 
lance) peut évidemment surprendre 4 pre- 
miére vue. En fait, si l1’on s’applique a tra- 
duire les données corticographiques en termes 
de comportement chez 1’animal normal (ani- 
mal a électrodes chroniquement implantées), 
les faits sont loin d’étre aussi schématiques 
(Rougeul 1958). Si l’activation électrocorti- 
eale intense sous-tend, sans nul doute, une 
attitude d’orientation — au cours de laquelle 
l’attention est 4 la fois accrue et dirigée — 
le ralentissement du tracé et le développe- 
ment de l’irradiation qui ]’accompagne peu- 
vent représenter un stade qui, tout en signi- 
fiant une baisse du niveau de vigilance, reste 
éloigné de 1’état hypnique: 1’animal est vigile, 
mais au repos sensoriel et son attention parait 
diffuse. L’observation de l’animal chronique 
confirme, d’autre part, que l’installation d’un 
sommeil véritable entraine la disparition des 
réponses secondaires par « brouillage ». En 
somme, on doit conclure que l’optimum de 
V’irradiation sensorielle correspond 4 un ni- 
veau «moyen» de vigilance, intermédiaire 
entre l’attitude d’orientation et le sommeil, 
et dont on souhaiterait pouvoir définir, avec 
plus de précision, la signification psychologi- 
que. 


RESUME 


Cette étude, portant sur 50 chats préparés 
sous éther, puis immobilisés au Flaxédil, con- 
cerne les réponses < irradiées » 4 des stimuli 
somesthésiques, visuels et auditifs, que l’on 
peut recueillir sur les aires associatives de la 
convexité, gyrus latéral antérieur et suprasyl- 
vien (réponses secondaires « associatives »). 

1. Par leur latence et leur durée, ces ré- 
ponses se distinguent nettement des activités 
de projection primaire. Pour chaque moda- 
lité, une analyse est faite de leur répartition, 
assez large en général, 4 la surface du cortex 


associatif. 

2. Les réponses associatives se montrent 
d’une particuliére sensibilité aux barbitu- 
riques ainsi qu’A tout effet de dépression. 


La narcose profonde au chloralose les amplifie 
par contre dans des proportions importantes, 

3. Des oscillations du niveau de vigilance 
suscitent des variations significatives de lir- 
radiation associative; celle-ci, absente en cas 
d’activation corticale d’éveil, se développe au 
contraire pour un niveau inférieur de vigi- 
lance, en général concomitant d’un_tracé 
ample; elle disparaitra 4 nouveau lorsque 
l’animal dort profondément. Ces corrélations 
ont été confirmées sur animal normal porteur 
d’électrodes implantées. 

4. Les réponses secondaires associatives 
apparaissent indépendantes des aires de pro- 
jection primaire: ni des ablations étendues 
ni la dépression pharmacologique de_ ces 
derniéres ne les affecte irréversiblement. 

5. L’origine et la signification des phéno- 
ménes observés est discutée. Un parallélisme 
est en particulier établi entre 1’irradiation sen- 
sorielle associative obtenue sous curare et celle 
observée en nareose profonde au chloralose. 


SUMMARY 


This study carried out on 50 eats operated 
under ether anesthesia and immobilized by 
Flaxedil deals with ‘‘irradiating’’ responses 
to somato-sensory, visual and auditory stimuli 
which can be recorded in cortical association 
areas of the convexity, i.e. in the anterior 
lateral gyrus and in the suprasylvian gyrus 
(secondary ‘‘association’’ responses). 

1. These responses were clearly dis- 
tinguishable from the activities of the primary 
projection system by their latency and by 
their duration. For each modality an analysis 
was made as to the distribution of the re- 
sponses which was found to be in general quite 
extensive and localized to the surface of the 
association cortex. 

2. The association responses proved to 
be particularly sensitive to barbiturates as 
well as to any other depressing factors. On the 
other hand, however, these responses were 
greatly amplified under deep chloralose an- 
esthesia. 

3. Oscillations of the state of wakefulness 
determined significant variations of the asso- 
ciative irradiation. This type of irradiation 
was lacking under conditions of cortical ac- 
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tivation due to arousal, but developped at a 
somewhat lower degree of vigilance, a stage 
associated with high amplitude waves in the 
electrocorticogram. Again this irradiation dis- 
appeared, however, when the animal was 
deeply asleep. This correlation could be con- 
firmed in animals with chronically implanted 
electrodes. 

4. The secondary association responses 
seemed to occur independently from those of 
the primary projection areas: neither ex- 
tensive removals of the primary projection 
fields nor pharmacological depression of these 
areas seemed to affect the secondary ‘‘asso- 
ciation’’ responses in an irreversible manner. 

5. The origin and significance of the ob- 
served phenomena is discussed. A parallelism 
seems to exist between the sensory associa- 
tive irradiation which occurs under curare 
and that which one may observe under deep 
chloralose anesthesia. 


ZUSAMMENFASSUNG 


Die vorliegende Untersuchung wurde an 
50 Katzen ausgefiihrt, welche unter Ather- 
narkose operiert und dann mit Flaxedil im- 
mobilisiert wurden. Das Ziel dieser Arbeit 
war, die ‘‘irradiierenden’’ Reizantworten auf 
somasthetische, visuelle und akustische Reize 
zu untersuchen, welche man in den Assozia- 
tionszentern der Hemispharenkonvexitat (Gy- 
rus lateralis anterior und Gyrus suprasylvius) 
registrieren kann (sekundare ‘‘assoziative’’ 
Reizantworten). 

1. Diese Reizantworten unterschieden sich 
in klarer Weise von den primaren Projektions- 
antworten durch ihre Latenzzeiten und durch 
ihre Dauer. Fiir jede Modalitét wurde eine 
Analyse ausgefiihrt in Bezug auf die Verteil- 
ung dieser Antworten, welche im allgemeinen 
in einer ziemlich grossen Region des _ asso- 
ziativen Kortex registriert werden konnten. 

2. Die ‘‘assoziativen’’ Reizantworten 
zeigten eine exquisite Empfindlichkeit sowohl 
gegentiber Barbitursdureverbindungen als 
auch gegeniiber irgendwelchen anderen de- 
pressiven EHinfliissen. Tiefe Chloralose-Nar- 
kose jedoch verstarkte diese Reizantworten in 
hohem Grade. 


3. Verdénderungen des Wachzustandes 
erzeugten signifikante Veranderungen der 
assoziativen Irradiation. Diese Irradiation, 
welche bei Weckaktivierung der Rinde fehlte, 
entwickelte sich jedoch auf einem niedrigeren 
Niveau des Wachzustandes, im allgemeinen 
in einem Stadium, wenn das Hirnstrombild 
durch hohe Amplituden charakterisiert war. 
Die Irradiation verschwand jedoch wieder 
wahrend tiefem Schlaf. Diese Verhiltnisse 
wurden bei Tieren mit implantierten Elektro- 
den bestatigt. 


4. Sekundare ‘‘assoziative’’ Reizantwor- 
ten schienen van den primiaren Projektions- 
mechanismen unabhingig zu sein: weder 
ausgedehnte Abtragungen der primaren Rin- 
denfelder, noch deren pharmakologische De- 
pression waren fahig, diese sekundéren Ant- 
worten irreversibel zu schadigen. 


dD. Der Ursprung und die Bedeutung der 
beobachteten Phanomene wird _ besprochen. 
Kin Parallelismus wurde gefunden zwischen 
der ‘‘assoziativen’’ sensorischen Irradiation, 
welche man unter Curare erhialt, und derje- 
nigen, welche man unter tiefer Chloralose-Nar- 
kose beobachtet. 
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Chez le chat, la narcose profonde au chlo- 
ralose, en méme temps qu’elle amplifie les 
réponses évoquées recueillies sur les territoires 
de projection primaire, suscite le développe- 
ment de réponses sensorielles, tant somesthé- 
siques que visuelles et auditives, de grande 
amplitude, au niveau des aires « associatives »* 
de l’écorce (gyrus suprasylvien et gyrus laté- 
ral antérieur). Ces réponses « secondaires >», 
déja observables, bien que d’amplitude ré- 
duite, chez l’animal non narecotisé et cura- 
risé (Buser et Borenstein 1959), s’accroissent 
ainsi sous l’effet du chloralose, en méme temps 
que leur aire de répartition, assez large d’a- 
bord se restreint en présence de narcose, a un 
certain nombre de foyers d’étendue limitée. 
Le présent travail a pour but de préciser 1’or- 
ganisation de ces projections vers le cortex 
associatif dans le cas de la vision et de 1’audi- 
tion, celui de la somesthésie ayant été anté- 
rieurement analysé (Amassian 1954; Albe- 
Fessard et Rougeul, 1958). 


TECHNIQUE 


Quarante-cing chats ont été utilisés dans 
ees expériences. Aprés anesthésie au chlora- 
lose (8-10 eg/kg.), 1’animal est placé, pour la 
eraniectomie et 1’expérience elle-méme, en con- 
tention dans un appareil de Horsley-Clarke. 


1 Les recherches rapportées dans cet article ont 
été l’objet d’une subvention partielle de 1’Office for 
Scientific Research of the Air Research and Develop- 
ment Command, U.S. Air Force, attribuée par son 
Service européen sous contrat AF 61 (052) 103. 

2 Institut Nencki, Varsovie. 

3 Cette dénomination n’a qu’une valeur purement 
descriptive; consacrée par l’usage, désignant, de ma- 
niére commode et sans trop d’équivoque, les zones 
corticales de la convexité des hémisphéres qui ne sont 
ni réceptrices primaires, ni motrices pyramidales, ce 
terme ne saurait en aucun eas préjuger dans notre 
esprit de la signification fonctionnelle des phénoménes 
dont ces territoires sont le siége. 


La température rectale et, dans la mesure du 
possible, celle du cortex, sont contrédlées pen- 
dant toute la durée de l’expérience. Fréquem- 
ment, afin d’éviter une ventilation déficiente, 
l’animal est placé, aprés curarisation (Flaxé- 
dil +) sous respiration artificielle. Les stimula- 
tions périphériques sont, selon les cas, des 
éclairs (flash délivré par un dispositif stro- 
boscopique), ou des eclics sonores brefs, tou- 
jours appliqués a cadence trés lente (toutes 
les 5 secondes, par exemple); les dérivations 
superficielles, monopolaires ou bipolaires, sont 
effectuées par électrodes fines en argent; 
pour les stimulations et repérages sous-corti- 
caux, des électrodes bipolaires concentriques, 
de 50 /100 ou 60/100, isolées sauf sur une 
courte longueur, sont introduites selon des 
coordonnées standard. En eas de stimulation 
sous-corticale, les paramétres des stimuli (du- 
rée, fréquence et intensité) sont soigneuse- 
ment contrdolés. 

Les phénomeénes sont, aprés amplification, 
observés sur oscillographe Cossor 4 double 
trace (1949) et photographiés sur caméra 
Recordine Alvar. 

Des destructions sous-corticales électro- 
lytiques ont été également opérées par appli- 
eation d’un courant continu de 1 a 3 mA. 
pendant quelques minutes, par l’intermédiaire 
d’une éleectrode sous-corticale préalablement 
mise en place. 


A la fin de l’expérience, le cerveau est 
prélevé, aprés perfusion au liquide physio- 
logique, puis au formol a 10 pour eent. Il 
sera coupé a congélation et les coupes (80 ,) 
ecolorées au carmin aluné. Dans le repérage 
détaillé de la position des électrodes, on uti- 
lise, pour la comparaison, des préparations 


4 Gracieusement offert par les Laboratoires Specia 
que nous tenons & remercier ici. 
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témoins coupées a 15 p», incluses 4 la celloidine 
et colorées soit au Nissl (Violet de crésyl), 
soit au Weigert (méthode de Spielmeyer). 
Toutes les coupes sont orientées selon les plans 
frontaux Horsley-Clarke et il est tenu compte, 
dans les comparaisons avec les coupes a la 
celloidine, des rétractions résultant de 1’inclu- 
sion. 


RESULTATS 


On analysera successivement, au cours de 
ce travail, d’une part, la répartition superfi- 
cielle visuelle et auditive ainsi que les carac- 
téristiques des réponses observées, d’autre 
part, les données de 1’exploration sous-corti- 
cale — thalamique en particulier — suscep- 
tibles de renseigner sur les voies mises en jeu. 


I. Répartition topographique et caractérist- 
ques des réponses corticales. 


A. Topographie. 


Vision. Sous chloralose, la répartition des 
réponses 4 un éclair bref comporte, en dehors 
de l’aire visuelle primaire (gyrus lateralis 
médian et postérieur), deux foyers situés tous 
deux sur le gyrus suprasylvien, 1’un antérieur, 
l’autre postérieur, ce dernier pouvant débor- 
der légérement sur le gyrus ectosylvien posté- 
rieur (fig. 1). 

Audition. La recherche des réponses évo- 
quées auditives révéle également deux centres 
étrangers aux aires primaires I, II et III, et a 
localisation « associative », l’un postérieur, 
l’autre antérieur; le centre postérieur supra- 
sylvien est en général plus médian que le foyer 
visuel; quant au centre antérieur, il chevau- 
che en fait sur le gyrus suprasylvien et le 
gyrus latéral antérieur (fig. 2). 

Pour les deux modes de stimulation, ces 
zones sont la plupart du temps parfaitement 
eirconscrites, le gradient d’amplitude étant 
assez intense autour du point de maximum: 
corrélativement, il n’existe en régle générale 
aucune transition entre les zones associatives, 
ni surtout entre elles et le territoire primaire. 


Enfin, les activités recueillies pour 1’une 
et l’autre modalités sensorielles sont 4 peu 
prés parfaitement bilatérales; cette bilatéra- 
lité ne pose pas, contrairement au cas de la 


somesthésie, de probléme essentiel (D. Albe- 
Fessard et Rougeul 1958) ; nous n’avons pas 
pris soin d’examiner cette question en détail. 


Remarque 


Les réponses suprasylviennes ne sont pas 
les seuls phénoménes « secondaires » observa- 
bles sous chloralose. Des activités caractéris- 
tiques — et a longue latence — se dévelop- 
pent en effet sous l’action d’un stimulus vi- 
suel ou auditif, au niveau du cortex moteur 
(Feng et coll. 1956; Ascher et Buser 1958). 
D’autres réponses enfin sont observables par 
dérivation sur la face médiane, dans la zone 
cingulaire du cortex. Ces divers phénoménes 
ne seront pas envisagés dans le cadre de ce 
travail. 


B. Caractéristiques des réponses. 


Les caractéristiques des activités évoquées 
associatives, tant visuelles qu’auditives (allu- 
re, durée, amplitude et latence) sont relati- 
vement constantes pour un méme animal, ainsi 
que d’une expérience a |’autre, en contraste 
avec les phénoménes du méme type recueillis 
en absence de narcose. Mais, tout autant que 
sous curare, ces réponses se distinguent avec 
netteté des potentiels évoqués primaires. 


Elles comportent en effet typiquement, en 
dérivation monopolaire, un élément positif, 
dont la durée est assez uniformément de 1’or- 
dre de 35 a 40 msec., done largement supé- 
rieure a celle de la pointe du potentiel pri- 
maire (6 a 10 msec.). Cette premiére compo- 
sante est facultativement suivie d’une onde 
négative, d’amplitude généralement plus 
faible. D’autre part, on note dans tous les 
cas une nette différence dans la pente d’éta- 
blissement des deux groupes de phénoménes, 
le front raide de la réponse primaire contras- 
tant avec ]’installation, plus progressive, de 
l’activité associative (fig. 1 et 2). 

Souvent, enfin, dans le cas de 1’audition 
plus particuliérement, la réponse débute par 
une petite variation négative, bréve et peu 
ample, dont l’origine exacte nous échappe, si 
ce n’est qu’elle se maintient lorsque disparait 
la composante principale (en cas de dépres- 
sion, par exemple) et que sa répartition topo- 
graphique est beaucoup plus large que celle 


a » —_—-«*_ 


a bh aw’ — att @ 


SYSTEMES « ASSOCIATIFS » VISUELS ET AUDITIFS CHEZ LE CHAT 307 


des réponses associatives; elle résulte proba- 
blement d’un effet d’extension (électrotoni- 
que ?) de l’activité de projection primaire 
(fig. 2, 1, 2, 4). 

La latence des réponses, considérée pour la 
composante principale positive, apparait tou- 


trotonique en début de réponse. Le tableau ci- 
contre, ou figurent quelques données numé- 
riques sur les latences, n’a done qu’une valeur 
d’indication. 

Il est néanmoins significatif, nous semble- 
t-il, que, malgré les variations observées d’une 


Fig. 1 


Répartition topographique des réponses 4 la stimulation visuelle (éclair appliqué 4 1’qil 
contralatéral). Sur chaque cliché: enregistrement simultané de la réponse primaire (tracé 
du haut, triangle) et de la réponse associative (tracé du bas, cercle); pour chaque point, 


superposition de 5 réponses successives. 


On note la présence de deux foyers secondaires suprasylviens, 1’un antérieur, 1’autre postérieur. 


Temps: 50 ¢/sece. 


Etalon d’amplitude commun aux deux chaines: 150 ~.V. Dérivation monopolaire: une déviation 
du spot vers le haut signale une négativité de 1’électrode focale. Cette convention vaut — 
sauf spécification particuliére — pour l’ensemble des figures de cet article. 


jours supérieure a celle du potentiel primaire ; 
une évaluation précise n’est néanmoins pas 
trés aisée, dans le cas de 1’audition, pour la 
raison soulignée ci-dessus, c’est-a-dire la pré- 
sence fréquente d’un artéfact d’extension élec- 


expérience 4 l’autre, un retard appréciable du 
phénoméne associatif par rapport au primaire 
puisse toujours étre noté (supérieur a 3 msec. 
pour la vision, de l’ordre de 5 msec. ou da- 
vantage pour 1’audition). 


Fig. 2 
Répartition topographique de réponses 4 la stimula- 
tion acoustique (clic bref). 


1 et 2: réponses recueillies respectivement au niveau 
des foyers associatifs antérieur et postérieur. 


3: réponse primaire ectosylvienne; 4: point ¢« muet ». 
Temps: 50 ¢/sec. Etalon d’amplitude: (commun aux 
deux chaines): 150 yV. 


Chaque cliché représente la superposition d’un certain 
nombre de réponses successives. 


TABLEAU I 


Latences (msec. ) 


Nombre Réponses Réponses Diffé- 
d’expé- associa- primai- rences de 
riences tives res latence 
15 20 + 4 14+ 2 > 3 
<8 
10 15 a 20 de 
l’ordre 
de 10 5 a 10 
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II. Indépendance des réponses primamres et 
associatives. 


Sur animal curarisé et non narcotisé, tous 
les tests que nous avons utilisés (traitements 
pharmacologiques divers de l’aire I, ablation 
de celle-ci) n’avaient abouti qu’a souligner 
l’indépendance des réponses secondaires asso- 
ciatives vis-a-vis de la zone de projection pri- 
maire. Aucune des liaisons fonctionnelle cor- 
tico-corticale directes, ou de trajet plus com- 
plexe, que l’on pouvait induire a partir des 
données anatomiques n/’avait été objectivée 
avec certitude au cours de ces expériences 
(Buser et Borenstein 1959). 

Dans le cas présent, celui de la prépara- 
tion chloralosée, les mémes tests font appa- 
raitre tout aussi nettement 1’indépendance 
des voies terminales primaires et associatives. 

On est frappé tout d’abord, au cours de 
ces expériences, par l’extréme sensibilité des 
réponses secondaires, en particulier celles de 
l’audition, a toute dépression, effet qui con- 
traste avec une moindre susceptibilité des ac- 
tivités primaires: il n’est pas rare, par exem- 
ple, que la simple introduction d’une électro- 
de de stéréotaxie supprime les phénoménes 
associatifs pendant 30 min. ou davantage; 
telles sont aussi les répercussions d’une chute 
de pression artérielle, méme assez légére pour 
ne pas affecter sensiblement les réponses pri- 
maires. 


Les réponses secondaires persistent aprés 
une excision extensive, bilatérale, des terri- 
toires primaires; 1’indispensable précaution 
est, bien entendu, d’attendre un temps suffi- 
samment long aprés cette ablation pour que 
soit éliminés au mieux les effets de la dépres- 
sion qui se développe transitoirement( fig. 3, 
I pour la vision, II pour 1’audition). 

Aucune des modifications expérimentales 
enfin, que l’on peut imposer aux réponses 
primaires ne parait se répercuter, de maniére 
significative, sur l’amplitude d’une réponse 
associative dont on observe 1’évolution (fig. 4 
pour la vision; fig. 5 pour le cas d’une réponse 
auditive). C’est ainsi que ni 1l’amplification 
du potentiel primaire par application locale 
de strychnine (fig. 4, cliché 2 et fig. 5, cliché 
5) et suivants), ni sa dépression par traitement 
local au KCL dilué (fig. 4, cliché 4 et fig. 5, 
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I 


Fig. 3 


Persistance des réponses associatives visuelles (I) et auditives (II) aprés 
ablation bilatérale des aires primaires correspondantes. Pour chaque 


expérience : 


A: avant ablation: 
1 — réponses primaire (triangle) et associative postérieure (cercle) ; 
2 — réponses associatives antérieures (a) et postérieures (p). 


B: aprés ablation: 

B,: disparition de la réponse primaire et maintien d’une réponse asso- 
tive postérieure (p). 

B.: un peu plus tard, observations de réponses associatives antérieures 
(a) et postérieures (p) (cette derniére déprimée dans le cas de 
]’audition). 

Temps: 50 c/sec. Amplitude: 100 ywV. pour tous les enregistrements, ex- 
cepté celui du potentiel primaire acoustique (200 wV. pour cette chaine 
supérieure, II, A, 1). 
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clichés 2 et 8) ne semblent agir, dans un sens 
bien déterminé, sur l’allure de la réponse 
associative, qui, dans tous les cas, persiste 
sans changements notables. 


III. Systémes thalamiques associatifs visuels 
et audittfs. 

L’identification, qui s’imposait dés lors, 
des voies qui acheminent les influx visuels ou 
auditifs vers les zones corticales associatives 
a comporté plusieurs étapes, qui seront succes- 
sivement envisagées. 


A. Indépendance des votes associatives vis- 
a-vis des formations réticulaires mésencépha- 
liques. 

Une premiére possibilité s’offrait pour in- 
terpréter les réponses associatives, celle d’en 
attribuer l’origine 4 une mise en jeu de la 


Visuelle 


Stimulation 


2Str sur A e 
4KCl. sur A re, 


Fig. 4 


Indépendance, dans le cas de la vision, de la réponse 
primaire (triangle) et de la réponse associative posté- 
rieure (cercle). 

1: contréle; 2: aprés strychninisation localisée et mé- 
nagée (5/1000) de l’aire primaire; 3: retour aux 
conditions de contréle; 4: aprés dépression de 1’aire 
primaire par application locale et ménagée de KCl. 
Absence de modification significative de la réponse 
associative. 

Chaque cliché représente 2 4 4 passages du spot. 
Temps: 50 e/sec. Etalons d’amplitude: 125 yV. (en 
4, valable pour tous les graphiques). 


voile «non spécifique » de Starzl, Taylor et 
Magoun (1951), par l’intermédiaire des col- 
latérales spécifiques vers les structures réti- 
culaires des étages infrathalamiques. 

Pour éprouver cette hypothése, des des- 
tructions plus ou moins étendues de la forma- 
tion réticulée ont été opérées par coagulation, 
au niveau du mésencéphale, chez un certain 
nombre d’animaux. Ces coagulations ont en- 
globé, simultanément ou non, la plupart des 
structures « réticulaires » de la partie supé- 
rieure du trone cérébral (nucleus reticularis 
lateralis, grisea centralis, tractus centralis 
tegmenti, nucleus ruber), selon des modalités 
individuelles que précise ci-contre la figure 6 
(schémas). 

Ces destructions entrainent, dans tous les 
cas, une dépression transitoire des réponses 
corticales, beaucoup plus profonde pour les 
activités associatives que pour les potentiels 
de projection primaire, ce qui aurait pu faire 
eroire a une disparition pure et simple des 
phénomeénes associatifs. Néanmoins, au bout 
de quelques heures, on note leur réapparition 
(fig. 6, graphiques), fait qui prouve leur in- 
dépendance hodologique vis-a-vis de la voie 
ascendante « extralemniscale ». 

Cette sensibilité particuliére des réponses 
associatives a une atteinte réticulaire peut 
s’expliquer par une influence trés directe que 
semblent exercer les mécanismes activateurs 
ascendants sur |’irradiation associative: 1’exis- 
tence de ce « contréle » réticulaire, que nous 
pensons avoir mis en évidence par ailleurs 
(Buser et Borenstein 1957), n’est nullement 
incompatible avec le fait, développé ici, d’une 
indépendance des trajets associatifs vis-a-vis 
de ]’étage mésencéphalique. 


B. Explorations thalamiques. 


En fonction des résultats dont on vient de 
faire état, il était done justifié de chercher a 
identifier, au niveau du thalamus, les voies qui 
acheminent les influx vers le cortex associatif. 
A cet effet, des dérivations et des stimulations 
ont été effectuées dans diverses structures 
thalamiques. 


1. Dérivations. 


L’exploration systématique, sous chlora- 
lose, du groupe latéral du thalamus révéle 
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existence d’un certain nombre de points ré- a) L’ensemble des points de réponse se 


‘a pondant les uns a la lumiére, d’autres a la localise i peu prés exclusivement dans la partie 
réti- stimulation sonore. La comparaison des reé- posterieure du groupe des noyaux lateraux, 
sultats correspondant, individuellement, a cha- région qui comporte, selon la délimitation gé- 
dei que expérience, laisse apparaitre les faits néralement adoptée (Winkler et Potter 1914; 
ale suivants (fig. 7, 8, 9 et 10): Me Rioch 1931; Ingram, Hannett et Ranson 
10n, : ; neo 
tain Stimulation auditive 
en- 
des 
1pé- 
aris 
‘alis 
lités 
re 6 
les 
ses 
les 
‘lels 
aire 
des 
out 
‘lon 
in- 
yole 
1Ses 
eut 
Tue PF VVVVVVVV | 
urs F 
X1S- 
ous 2 : KCL. sur és Ria 
: 6; 
ent 4: Str sur A 
te 8: KCl sur & “a 
Fig. 5 
{ndépendance des réponses primaire (triangle) et associative postérieure 
de (cercle) dans le cas de 1’audition. 
ra 1: contréle; 
: 2: aprés dépression de l’aire primaire par le KCl dilué; 
am 3 et 4: retour progressif aux conditions de contrdle; 
tif. 5, 6, 7: strychninisation progressive de 1’aire primaire (strychnine a 
ns 5/1000) ; 
8: nouvelle dépression par le KCl; 
res 9: retour aux conditions de contrdle. 
Chaque tracé représente 2 4 4 passages du spot. Les modifications des 
réponses associatives ne suivent pas significativement celles des réponses 
primaires. 
ra- Temps: 50 e¢/sec. Etalon d’amplitude (en 9, valable pour tous les 
vn graphiques): 100 yV. 
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1932; Le Gros Clark 1932; Jiménez-Castella- 
nos 1949; Jasper et Ajmone-Marsan 1952), les 
noyaux latéral postérieur, postérieur, supra- 
géniculé et limitans, ainsi que, plus dorsale- 
ment, le pulvinar (plans Horsley-Clarke 5,6 
a 7,5 environ). 

b) Dans le méme plan frontal, les deux 
zones, visuelle et acoustique, ne se confondent 


tantdt des points visuels, tant6t d’autres points 
auditifs, sans qu’un méme niveau manifeste, 
la plupart du temps, une réactivité 4 la fois 
pour les deux modalités sensorielles. Ceej 
conduit aux délimitations suivantes: 

pour la vision, le territoire actif, médian 
par rapport au corps genouillé latéral, inté- 
resse essentiellement la totalité du noyau pos- 


Oa) 
eo% 


ge 
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Fig. 6 
Maintien des réponses aprés large destruction de la formation réticulaire 
dans quatre expériences différentes A, B, C, D. 
Le contour des destructions a été reporté en pointillé sur des schémas. 
Les tracés figurés sur la ligne inférieure, relatifs 4 1’expérience D, 
illustrent la conservation des réponses associatives (cerele) et primaires 
(triangle) pour les trois modalités: tactile en 1, visuelle en 2 et acoustique 
en 3. 
Temps: 50 ¢c/sec. Amplitude: 150 wV. pour les traeés primaires; 100 yV. 
pour les tracés associatifs. 
On a situé, sur les schémas, le noyau rouge (NR), la grisea centralis 
(GC) et, en D, figuré le contour de principe (selon Rét.) de la formation 
réticulée (repris d’aprés Rossi et Zanchetti 1957). 


pas, mais se succédent dans le sens latéro- térieur (fig. 9, 1), la limite ventrale du pulvi- 


dorsal/médio-ventral avec, dans leur extension 
d’ensemble, un certain chevauchement. Tou- 
tefois, pour chaque préparation prise indivi- 
duellement et dans les conditions de dérivation 
par macroélectrodes, 1l’exploration fournit 


nar, la partie latérale du noyau latéral posté- 
rieur (fig. 9, 4) ; elle n’atteint que rarement la 
région susjacente au corps genouillé médian 
(pars magnocellularis), ¢@’est-a-dire le noyau 
supragéniculé; de méme, la portion dorsale 


olnts 
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fois 
Ceci 
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Pos- 
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du pulvinar ne s’est pas, en général, révélée 
trés active ; 

pour l’audition, la zone mise en jeu occupe 
la partie médiane du noyau latéral postérieur, 
le noyau supragéniculé et s’étend jusqu’au 
nucleus limitans (fig. 10, 6); elle se trouve 
plus médiane que la région visuelle et interne 
par rapport au corps genouillé médian. 


c) La latence des réponses ainsi recueillies 
peut varier selon le niveau de dérivation; 
néanmoins, elle est en régle générale supé- 
rieure a celle des réponses obtenues au niveau 
des relais thalamiques primaires, corps ge- 


~ 
me 


Z PL 


GM | ( 
+ VISUEL 
4AUDITIF 


Fig. 7 


Représentation des foyers de réponses visuelles (tirets) 
et acoustiques (triangles) du groupe latéral postérieur 
du thalamus au niveau du plan Horsley-Clarke 6 
(résumé de 20 expériences). 

Mise en place des principaux repéres: 

GLD: corps genouillé latéral dorsal; 

GLV: corps genouillé latéral ventral; 

GM: corps genouillé médian ; 

VP: extrémité caudale du groupe ventral; 

TO: bandelette optique; 

NR: noyau rouge; 

CP: commissure postérieure. 

Indication, d’autre part, des divisions du groupe la- 
téral postérieur, les abréviations correspondantes étant 
reportées 4 droite de la figure: 

PL: pulvinar; 

P: noyau postérieur; 

LP: noyau latéral postérieur ; 

et du contour du noyau supragéniculé (SG). 

Se reporter également pour ces divisions 4 la figure 
14, 


nouillé latéral ou médian selon les cas. D’au- 
tre part, ces délais apparaissent parfaitement 
compatibles avee ceux des réponses corticales, 
supérieurs a ceux des activités primaires, in- 
férieurs ou — a la précision de nos mesures — 
égaux a ceux des réponses associatives (fig. 
9,2et 3; fig. 10,245). 


2. Stemulations électriques localisées. 


Etant donné le nombre restreint de struc- 
tures qui, en dehors des relais primaires, four- 
nissent ainsi des réponses significatives sous 
chloralose — ce qui contraste sans doute avee 
la relative abondance des projections thalami- 
ques non-primaires observées sous curare (voir 
Discussion) — une partie tout au moins des 
territoires délimités avait toute chance de 
constituer « les relais intrinséques » que nous 
cherchions a déterminer. 

Une zone thalamique, distinete du relais 
primaire, étant identifiée pour la vision, une 
autre pour l’audition, l’hypothése la plus 
plausible concernant la voie associative était 
en effet de supposer que des fibres, issues du 
relais spécifique primaire, gagnaient le relais 
associatif thalamique, puis le cortex suprasyl- 
vien. Cette hypothése comportait deux corol- 
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Fig. 8 


Représentation des foyers de réponses visuelles (ti- 
rets) et acoustiques (triangles) du groupe latéral 
postérieur du thalamus au niveau du plan Horsley- 
Clarke 7 (résumé de 20 expériences). Abréviations 
comme dans la figure précédente. 
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_ SYSTEME_ 
VISUEL 


laires qu’il s’agissait de vérifier par 1’expé- 


rience: 


— La stimulation électrique du relais spé- 


cifique 


Fig. 9 
Exemple d’explorations au niveau du groupe thalamique latéral au cours de stimulations 
visuelles. 
Colonne 1: Dérivation « juxtagéniculée » traversant essentiellement le noyau postérieur ow 
se situe, dans ce cas, un maximum de réponse. La stimulation électrique de ce méme point 
(fig. 14 b) n’a fait apparaitre de réponses que sur le gyrus suprasylvien. 
Colonne 4: Autre exploration, plus médiane, intéressant cette fois le noyau latéral postérieur 
proprement dit. Sur chaque cliché, comparaison, pour plusieurs passages successifs du spot, 
de l’activité thalamique (tracé inférieur) et suprasylvienne (tracé supérieur). 
Les cing figures successives ont été prises au cours de la pénétration de 1’électrode (dont on 
apercoit aisément la trace) a des distances 4 peu prés égales, entre le prolongement des deux 
fléches. 
Clichés 2 et 3: comparaison, 4 plus grande vitesse de balayage, de la réponse visuelle du 
noyau latéral postérieur (tracé supérieur de chaque graphique) 4 une réponse corticale 
(tracé inférieur), primaire en 2 et suprasylvienne en 3. 
Temps: 50 c/sec. Etalons d’amplitude: en 1: 50 wV.; en 2 et 3: 100 wV. (Gain plus 
élevé pour la dérivation thalamique) ; en 4: 100 wV. (gain double sur la dérivation thalamique). 


des modalités a préciser. 


primaire devait activer a la fois le 


cortex primaire et le cortex associatif selon 


— La stimulation électrique du noyau tha- 
lamique latéral devait, par contre, produire des 


SYSTEMES « ASSOCIATIFS » VISUELS ET AUDITIFS CHEZ LE CHAT 315 


. SYSTEME 
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\ AUDITIF 
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Fig. 10 ° 


Repérages obtenus au cours de stimulations acoustiques au niveau du thalamus 
latéral. 


1, 2, 3: comparaison des réponses corticales primaire (1), associative (2), et de la 
réponse (3), recueillie au niveau du thalamus ¢ associatif », 4 la limite du noyau 
latéral postérieur et du noyau supragéniculé. 


4, 5: comparaison, a plus grande vitesse de balayage, de la réponse thalamique 
associative (tracé supérieur de chaque graphique) 4 la réponse corticale asso- 
ciative (tracé inférieur de 4) et primaire (tracé inférieur de 5). 


Colonne 6: exploration intéressant le noyau latéral postérieur, le noyau supra- 
géniculé et, peut-étre, le noyau limitans (trace d’électrode la plus médiane). 
Pour chaque cliché: enregistrements simultanés de 1’activité thalamique (tracé 
supérieur) et corticale primaire (tracé inférieur). 


Temps: 50 ¢c/sec. Amplitude: 100 pV. 


n 2 a a . e » 2 « 
réponses a trés courte latence au niveau du_ cherche des effets de stimulations électriques 
seul cortex associatif. du thalamus, aussi localisées et ménagées que 

Il nous a done semblé essentiel de com- possible, appliquées soit au relais primaire, 
1S 


pléter 1’exploration sous-corticale par une re- soit aux structures « associatives ». 
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a) Stimulation des relais spécifiques pri- 
maares. 

Sous chloralose, la répartition des réponses 

corticales, obtenues pour un choc électrique 

isolé appliqué au corps genouillé latéral ou 


les classiques réponses a trés faible latence 
(<1 msec.) comportant une premiére phase 
bréve, puis une seconde plus lente (fig. 11, a, 
triangle; fig. 12, 1, triangle). Mais, de plus, 
des territoires restreints du cortex suprasyl- 


Fig. 11 


Réponses corticales 4 la stimulation électrique du corps genouillé latéral enregistrées au niveau 


primaire (triangles) et associatif (cercles). 


En a, réponses correspondantes, pour un choc isolé, largement supraliminaire. 


a 


En b et c: réponses 4 1’application, 4 intervalles variables, de deux choes successifs d’intensités 


plus faibles. 
Dérivation 1 (¢): primaire. 
Dérivations 2, 3 et 4: suprasylviennes. 


Noter en 2, 3 et 4, l’existence de facilitations pour une certaine marge d’intervalle entre 
les choes. Une telle facilitation ne s’observe pas en 1 (réponses du cortex primaire). 

Temps: 50 c/sec. Amplitude: 400 vV., méme gain en b et ec. L’examen de la coupe indique 
que, dans ce cas précis, 1’électrode a stimulé les couches supérieures du corps genouillé 


latéral dorsal. 


médian, se révéle effectivement plus complexe 
que ne le laisserait prévoir l’existence des seu- 
les radiations thalamocorticales spécifiques, 
vers l’aire correspondante, visuelle ou acousti- 
que. 

Au niveau de l’aire primaire s’observent 


vien se montrent mis en jeu et, a cet égard, la 
topographie « associative » ainsi tracée repro- 
duit assez fidélement celle que fournit une sti- 
mulation périphérique de modalité correspon- 
dante. Les réponses essentiellement monopha- 
siques ainsi obtenues (en dérivation monopo- 
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Vu 
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laire), sont, elles, de latence relativement plus 
longue, pouvant aller jusqu’éa 5 msec. (fig. 
11, a, cercle; fig. 12, 1 et 2, cercles). 

Une observation vaut enfin d’étre mention- 
née et qui illustre la plus grande complexité 


latéral ou médian, détermine une facilitation 
de la seconde réponse associative pour un cer- 
tain intervalle entre les stimuli. Dans les 
mémes conditions, cet effet est plus faible ou 
méme nul au niveau de l’aire de projection 
correspondante (fig. 8), ce qui laisse supposer 


Fig. 12 


Réponses corticales 4 la stimulation électrique du corps genouillé médian, 
enregistrées au niveau primaire (triangle) et associatif (cercles). 

En 1 et 2, comparaison, 4 balayage rapide, des deux types de réponse, supra- 
sylvienne (tracé supérieur) et ectosylvienne (tracé inférieur), pour un choc 
d’intensité moyenne (plusieurs passages successifs du spot). 


Noter les inégalités de latences. 


Clichés a a f: effets de facilitation au niveau du cortex suprasylvien par appli- 
cation de deux choes d’intensité liminaire pour la réponse associative. 

Temps: 40 msec. L’étalon supérieur vaut pour les clichés a 4a f, 1’étalon 
inférieur, pour les graphiques 1 et 2. Amplitudes: 200 wV. (Toutes chaines). 


d’organisation synaptique de la voie associa- 
tive par rapport a la voie primaire, considérées 
l’une et l’autre a partir du relais spécifique 
primaire: l’application de deux stimuli suc- 
cessifs, de faible intensité, au corps genouillé 


soit que la sommation se localise au niveau du 
relais associatif, soit que les modalités de 1’ex- 
citation neuronique du cortex suprasylvien 
différent de celle du cortex primaire (fig. 11, 
bet ec; fig. 12,aaf). 
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b) Stimulation des zones thalamiques « as- 
sociatives ». 


Pratiquement chaque exploration du com- 
plexe nucléaire latéro-postérieur a été com- 
plétée par des stimulations électriques prati- 
quées au méme niveau. En régle générale, 
des réponses corticales, a trés courte latence 
(inférieure a 2 msec.) et rigoureusement loca- 
lisées au niveau suprasylvien, ont pu étre ainsi 
obtenues; ces réponses débutent toujours par 


fiées par leur activité, ne mettait strictement 
en jeu que les aires « associatives », a 1’exclu- 
sion de 1’un ou |’autre territoire primaire, et 
eeci d’autant plus que certaines, parmi les ré- 
gions identifiées et stimulées, sont immédiate- 
ment voisines des relais spécifiques: tel est le 
eas du noyau postérieur ou de la partie externe 
du noyau supragéniculé. C’est l’absence, ef- 
fectivement constatée, de réponses dans le ter- 
ritoire primaire qui nous a incités 4 penser 
que l’exploration avait, dans ce cas, touché la 


Fig. 13 
Réponses corticales 4 des stimulations (d’intensité faible) de points 


SN 


thalamiques <¢ associatifs » 
distincts. 


et leur répartition dans 


deux exemples 


Repérage du niveau de stimulation, le long de la course de 1’électrode, 
par le prolongement d’une fléche horizontale. 

En A, la stimulation intéresse la région du noyau supragéniculé; en 
B, la limite des noyaux postérieur et latéral postérieur. 


Temps: 50 ¢/see. 


une composante surface-positive, de durée va- 
riable (fig. 13, A et B). 

Ce résultat est, en soi, aisément concevable 
si l’on se rappelle que la projection du groupe 
latéral intéresse effectivement le gyrus supra- 
sylvien (Waller et Barris 1937). Il nous pa- 
raissait toutefois essentiel de vérifier si 1’exci- 
tation électrique des zones thalamiques, identi- 


Amplitude: 200 vV. en A, 300 wV. en B. 


voie associative, au-dela du relais spécifi- 
que. 

Plusieurs données complémentaires ont pu 
étre obtenues, 4 l’occasion de ces expériences 
de stimulation thalamique du groupe latéral 
postérieur. 

La plupart du temps, 1’aire corticale acti- 
vée par une stimulation juxtaliminaire, est 
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restreinte 4 une portion seulement du gyrus 
suprasylvien (avec débordement, dans certains 
eas, vers le gyrus latéral antérieur). II est 
done probable qu’au niveau du groupe latéral 
postérieur, une certaine ségrégation des voies 
s’opére, les projections intéressant le supra- 
sylvien médio-antérieur ne se situant pas exac- 
tement au méme niveau que celles destinées 
au suprasylvien médio-postérieur. 

Il n’a pas été possible de pousser trés loin, 
avec la seule technique électrophysiologique, 


médians intéresseraient la portion antérieure 
du gyrus suprasylvien. Cette corrélation topo- 
graphique, dont la figure 14 résume les don- 
nées obtenues, et qui existe vraisemblable- 
ment, mériterait d’étre précisée. On envisa- 
gera d’ailleurs ci-dessous le probléme que pose 
a ce propos le cas du noyau supragéniculé. 


DISCUSSION 


Il semble que 1’on puisse finalement, a par- 
tir des résultats obtenus, se représenter de ma- 


Fig. 14 
Indication d’une organisation « zone par zone » des projections du groupe latéral postérieur 


et supragéniculé vers le cortex suprasylvien. 
effectuées. 


Exemples-types pris parmi les 15 expériences 


Le repérage a été fait sur des coupes fines témoins. a, b, ¢, stimulations « latérales », posté- 
rieure (a, niveau Horsley-Clarke 6), médiane (b, niveau 6,5) et antérieure (c, niveau 7). 
d, e, f, 3 exemples de stimulations « médianes » de la région supragéniculée, aux niveaux 


6,5 (d) et 7 (eet f). 


En f, débordement des réponses sur le gyrus latéral antérieur. 


la recherche d’une correspondance « topique » 
précise entre le thalamus associatif et son ter- 
ritoire de projection cortical. Toutefois, il nous 
semble fort probable, sinon absolument démon- 
tré, que les niveaux thalamiques dorsaux et 
latéraux se projettent vers le suprasylvien 
postérieur, tandis que les niveaux ventraux et 


niére assez simple l’organisation des systémes 
« associatifs » visuels et auditifs, observables 
chez le chat sous chloralose. Conformément au 
schéma suggéré, des éléments se détacheraient 
du trajet primaire au niveau du relais spécifi- 
que (CGL ou CGM selon le cas), puis s’arti- 
culeraient au niveau d’un relais « associatif » 
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(LP, PL, P, SG) pour gagner ensuite les zones 
eorticales suprasylviennes ou latérales anté- 
rieures précédemment caractérisées. 

D’autres expériences devront dire dans 
quelle mesure les connexions vers les noyaux 
associatifs sont des fibres relayées au niveau 
des corps genouillés, ou des « collatérales » de 
la voie afférente passant en leur voisinage im- 
médiat. Néanmoins, diverses observations, dont 
nous avons fait état — inégalité de latence 
entre les activités primaires et associatives, 
existence de facilitations au niveau du cortex 
suprasylvien — évoquent une plus grande 
complexité d’organisation de la voie associa- 
tive, done parlent en faveur de la premiére 
hypothése. 

Ce schéma n’est pas nouveau dans son 
principe ?. Sans doute, en raison du peu d’at- 
tention accordée aux activités des aires corti- 
eales non primaires, n’avait-il pas été, jus- 
qu’a présent, réellement objectivé par 1’explo- 
ration électrique; ni l’utilisation d’un barbi- 
turique, qui semble affaiblir ou: abolir ces ré- 
ponses secondaires 7, ni celle de la préparation 
curarisée non anesthésiée, chez laquelle ces 
activités sont observables mais trop fragiles 
pour permettre leur analyse poussée, ne cons- 
tituent certes des conditions favorables pour 
une telle étude. . 

Les données anatomiques, en ce qui con- 
cerne tant les projections des noyaux thalami- 
ques du groupe latéral sur le cortex, que les 
afférences visuelles et auditives gagnant ces 
noyaux, sont éparses et sujettes a controverse. 

Ainsi que nous l’avons déja souligné, il est 
reconnu par les anatomistes (Waller et Barris 
1937) que le groupe latéral postérieur du tha- 
lamus, tel qu’il est défini avee une bonne uni- 


1Dés 1932, Le Gros Clark écrivait: «it seems 
reasonable to suggest that the suprageniculate has the 
same functional relation to the medial geniculate that 
the pars posterior of the lateral nucleus has to the 
lateral geniculate body » (Le Gros Clark 1932). 

2 Toutefois, certaines activités observées sous 
chloralose seraient malgré tout visibles sous barbi- 
turiques; tel semble étre le cas de réponses visuelles 
a localisation suprasylvienne postérieure, plusieurs 
fois décrites (Marshall et coll. 1943; Clare et Bishop 
1954; Harman et Berry 1956) et considérées tantét 
comme indépendantes du trajet géniculo-cortical (Mar- 
shall et coll. 1943), tantdt comme directement issues 
du cortex strié par liaison cortico-corticale (Clare et 
Bishop 1954. Pour 1’audition voir aussi Lombruso et 
Merlis 1957). 


formité de nomenclature (Winkler et Potter 
1914; McRioch 1931; Ingram et coll. 1932) 
Se projette vers le cortex suprasylvien. En 
outre, 1’ébauche de correspondance topogra- 
phique élémentaire que nous a apportée la 
méthode électrophysiologique — et qui mérite- 
rait d’étre précisée — parait confirmer les ré- 
sultats de Waller et Barris qui, déja, avaient 
signalé que la projection des niveaux dorsaux 
du groupe latéral s’effectuait vers 1’arriére 
et celle des niveaux ventraux vers l’avant du 
gyrus suprasylvien. 


Par contre, l’existence de connexions direc- 
tes avee l’écorce parait encore discutée dans 
le cas du noyau supragéniculé. Celui-ci ne dé- 
générant en effet pas caractéristiquement 
apres ablation néocorticale (Waller et Barris 
1937) est fréquemment de ce fait rapproché 
des noyaux du systéme a projection « diffuse » 
(Droogleever-Fortuyn 1953). Il s’y décéle 
d’ailleurs le méme degré de dégénérescence 
(gliose et réduction du nombre de cellules) 
que dans des noyaux du systéme diffus, tel le 
noyau central latéral ou le noyau paracentral 
(Nashold, Hanbery et Olszewski 1955). 


Contrastant avec ces données et conformé- 
ment aux notres, 1’expérimentation physiolo- 
gique parait, au contraire, avoir révélé 1’exis- 
tence de projections probablement directes — 
réponses a trés courte latence — de la zone 
latérale du supragéniculé et de sa portion 
contigué au noyau magnocellularis du genouil- 
lé médian, vers l’aire auditive III (Knighton 
1950), ¢’est-a-dire la circonvolution suprasyl- 
vienne antérieure. 


L’existence d’afférences visuelles au ni- 
veau du groupe thalamique latéral postérieur 
reste, elle aussi, trés discutée. C’est ainsi que 
chez le chat, McRioch (1931) ; Ingram et coll. 
(1932), Barris et coll (1935), Le Gros Clark 
(1932, 1942), ete., s’accordent, a l’inverse de 
Glorieux (1929), pour ne reconnaitre a ces 
noyaux aucune connexion directe d’origine ré- 
tinienne, les fibres optiques qui les traversent, 
en particulier au niveau du pulvinar, étant 
pour la plupart des « éléments de passage » 
vers le tectum ou la zone prétectale. Quant a 
l’existence de voies intrathalamiques qui, is- 
sues du corps genouillé latéral dorsal gagne- 
raient les noyaux associatifs, leur existence est 


SYSTEMES « ASSOCIATIFS » VISUELS ET AUDITIFS CHEZ LE CHAT 321 


également mise en doute (Barris, Ingram et 
Ranson 19385; Le Gros Clark 1942); pour 
McRioch (1931) par contre, le noyau posté- 
rieur et le pulvinar recevraient des fibres is- 
sues du genouillé latéral. Enfin, la récente 
analyse de Bishop et Clare (1955), basée sur 
exploration électrique et sur 1’anatomie, 
aboutit elle aussi a identifier un certain con- 
tingent de fibres optiques, qui, aprés relais 
au niveau du corps géniculé latéral, passe- 
raient vers la zone latérale du thalamus (grou- 
pe latéral antérieur et médian). 


Moins de controverses — mais aussi moins 
d’informations — sont apportées quant a la 
possibilité d’une voie associative attachée au 
systéme auditif. Quelques auteurs (McRioch 
1931; Ingram et coll. 1932) signalent, sans en 
faire davantage état, 1’existence de connexions 
entre le corps genouillé médian d’une part et 
le noyau latéral postérieur d’autre part. Tou- 
tefois, peu de précisions sont fournies quant au 
niveau de terminaison de telles fibres. 


En somme, si 1’on s’en référe aux informa- 
tions anatomiques, nos résultats n’ont pas 
actuellement tout le support souhaitable; le 
nombre de données positives reste surtout assez 
limité en ce qui concerne les connexions entre 
noyaux primaires et associatifs que postule 
notre schéma. 

Les travaux d’autres auteurs, sur prépara- 
tion non anesthésiée cette fois, mettent en évi- 
dence, au niveau du thalamus, des projections 
«non primaires » beaucoup plus abondantes 
que celles qui sont décelables sous chloralose, 
et que, bien entendu, sous narcose barbituri- 
que. 

Pour ne considérer que les afférences vi- 
suelles et auditives, la confrontation des résul- 
tats obtenus par Dell (1952) et Ingvar et 
Hunter (1955) avee notre topographie, fait 
apparaitre une dualité, semble-t-il, des voies 
« extraprimaires ». En effet certains foyers 
latéraux, décrits par ces auteurs, correspon- 
dent trés probablement aux n6tres, tandis que 
d’autres, plus médians, ne seraient plus ob- 
servables sous chloralose. Ces réponses laté- 
rales, dont nous pensons démontrer qu’elles 
sont indépendantes de 1’étage mésencéphali- 
que réticulaire, et qui résistent a l’action de 
lanesthésique, ne correspondraient pas a la 


« vole non spécifique » alors qu’une telle ap- 
partenance parait parfaitement justifiée pour 
les activités plus médianes (noyaux médians 
et lame médullaire interne). 

En somme, on aboutit a conecevoir qu’au 
niveau du thalamus, comme peut-étre aussi de 
l’écorce (Buser et Borenstein 1959), les voies 
de «projection extraprimaire » comporte- 
raient, pour chaque modalité, deux systémes 
distinects, l’un systéme a projection diffuse, 
bloqué par les anesthésiques (French, Ver- 
zeano et Magoun 1953; Arduini et Arduini 
1954), l’autre, constitué par les trajets thala- 
mocorticaux associatifs, supprimé par les bar- 
bituriques, mais que maintient le chloralose. 
Cette conception, que nous développons ici a 
propos de la vision et de 1’audition, de systé- 
mes thalamocorticaux d’association spécifique, 
n’est guére éloignée de celle proposée par Jas- 
per et coll. (1952) sous le terme d’elaborative 
and correlative system. Elle est d’ailleurs, dans 
une certaine mesure, susceptible d’étre éten- 
due au eas de la somesthésie, étant donné les 
résultats antérieurement acquis (Albe-Fessard 
et Rougeul 1958). Sous chloralose, en effet, 
la voie « associative » somesthésique également 
indépendante du systéme centrencéphalique, 
serait constituée de fibres, se détachant du 
relais primaire (ou de la région immédiate- 
ment adjacente) et se rendant au centre mé- 
dian du thalamus, puis au cortex associatif. 
Finalement, les trois zones thalamiques < as- 
sociatives » s’étagent dans le sens ventro- 
médian dorso-latéral, chacune d’elle possédant 
une disposition comparable par rapport au 
relais primaire dont elle recoit les messages. 

D’autres recherches devront préciser les 
rapports entre ces divers systémes qui sont 
susceptibles de contribuer a 1’irradiation sen- 
sorielle. 


RESUME 


1° Chez le chat profondément anesthésié 
au chloralose, des réponses corticales a des sti- 
mulations visuelles ou auditives sont observa- 
bles sur les gyrus suprasylvien et latéral anté- 
rieur. Ces réponses corticales « associatives », 
ainsi que les voies sous-corticales dont elles dé- 
pendent, ont fait l’objet du présent travail. 

2° Les foyers associatifs oeccupent des 
points définis de ]’écorce (2 foyers visuels et 
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2 foyers acoustiques) et les réponses corres- 
pondantes différent des potentiels évoqués pri- 
maires par leur plus longue latence, leur plus 
longue durée et une plus grande fragilité. 


3° Les réponses associatives ne dépen- 
dent pas des territoires primaires correspon- 
dants: e’est ce que prouve leur persistance 
apres ablation des aires de projection et leur 
indifférence vis-A-vis de toute modification 
expérimentale de la réactivité de ces aires. 


4° Des destructions étendues de la forma- 
tion réticulée mésencéphalique laissent subsis- 
ter ces réponses. I] semble done nécessaire de 
rejeter l’hypothése qui en raménerait l’origine 
au systéme des projections non spécifiques. 

5° Concernant l’organisation des voies 
thalamocorticales responsables de ces réponses, 
nous pensons montrer que pour chacun des 
deux systémes sensoriels, des éléments se déta- 
chent du trajet primaire, gagnent des noyaux 
thalamiques associatifs puis les foyers cor- 
ticaux correspondants. En effet: a) la stimu- 
lation du relais primaire (corps genouillé mé- 
dian ou latéral) suscite également des répon- 
ses associatives; b) des réponses a des stimu- 
lations soit visuelles, soit acoustiques sont iden- 
tifiables au niveau du groupe latéral posté- 
rieur du thalamus. Les structures associati- 
ves ainsi délimitées occupent pour la vision, 
le noyau postérieur et la partie dorsale du 
noyau latéral postérieur, pour 1l’audition, la 
partie inférieure de ce méme noyau et le noyau 
supragéniculé; c) la projection de ces diverses 
structures sur le cortex suprasylvien est d’au- 
tre part confirmée par des stimulations thala- 
miques localisées. 


6° La signification de ces résultats, le fait 
en particulier que l’expérimentation sous 
chloralose profond permette ainsi d’identifier 
des systémes associatifs spécifiques, sont dis- 
eutés. 


SUMMARY 


1. In eats deeply anesthetized with chlor- 
alose cortical responses to visual or auditory 
stimulations can be observed in the supra- 
sylvian and lateral anterior gyri. These cor- 
tical ‘‘association’’ responses as well as the 
subcortical pathways upon which they depend 
were the object of the present study. 


2. The association areas occupy well. 
defined areas of the cortex (two visual areas 
and two auditory areas). The corresponding 
responses differ from the primary evoked 
potentials by their longer latency, their long 
duration and by their greater lability. 

3. The association responses do _ not 
depend upon the corresponding primary pro- 
jection areas. This is clearly demonstrated by 
their persistence after removal of the primary 
projection areas and their resistence towards 
any experimental modification of the reactiv- 
ity of the primary areas. 

4. Extensive destruction of the mesenceph- 
alic reticular formation does not abolish these 
responses. It seems therefore necessary to 
reject a hypothesis according to which the 
origin of the responses would be within the 
non-specific projection system. 

5. The organization of the thalamo-cortical 
pathways mediating these responses seems for 
each of the two sensory systems studied to de- 
pend upon ‘‘collateral’’ elements which detach 
themselves from the primary pathway and 
enter into thalamic association nuclei and 
hence the responses are conducted to the cor- 
responding cortical areas. It has been shown 
indeed that stimulation of the primary relay 
nuclei (medial and lateral geniculate bodies) 
produces primary and associative responses. 
It has further been shown that responses to 
either visual or auditory stimuli can be re- 
eorded within the lateral-posterior nuclear 
group of the thalamus. For visual stimuli the 
thalamic association area occupies the nucleus 
posterior and the dorsal part of the nucleus 
lateralis posterior. For auditory stimuli the 
corresponding areas occupy the inferior part 
of the nucleus lateralis posterior and the 
nucleus suprageniculatus. Finally it has been 
shown that projection from these thalamic 
structures upon the suprasylvian cortex can 
be confirmed with localized thalamic stimula- 
tion. 

6. The significance of these results, espe- 
cially the fact that experimentation under 
deep chloralose anesthesia permits to identify 
specific association systems, is discussed. 
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ZUSAMMENFASSUNG 


1. Bei der Katze under tiefer Chloralose- 
Narkose kénnen Antworten auf visuelle oder 
akustische Reize in der Rinde des Gyrus supra- 
sylvius oder des Gyrus lateralis anterior auf- 
gezeichnet werden. Sowohl diese ‘‘assoziati- 
ven’’ Rindenantworten als auch die subkor- 
tikalen Bahnen, von welchen sie abhangen, 
bilden das Studienobjekt der vorliegenden 
Arbeit. 

2. Die ‘‘assoziativen’’ sensorischen Rin- 
denprojektionen zeigen eine klar umrissene 
kortikale Topographie (zwei visuelle Bezirke 
und zwei akustische Bezirke). Die Reizant- 
worten, welche in diesen Arealen registriert 
werden, unterscheiden sich von den primaren 
Reizantworten durch ihre langere Latenzzeit, 
durch ihre grossere Dauer und durch ihre 
erhohte Labilitat. 

3. Die ‘‘assoziativen’’ Reizantworten han- 
gen nicht von den primaren Projektionsfel- 
dern ab. Dies wird klar bewiesen durch ihr 
Andauern nach Entfernung der primaren 
Projektionsareae und durch ihre Unbeein- 
flussbarkeit durch irgendweleche experimen- 
telle Modifikationen der Reaktivitat dieser 
Felder. 

4. Ausgedehnte Zerstorungen der mesen- 
zephalen Retikularsubstanz fiihren nicht zum 
Verschwinden dieser Antworten. Es scheint 
daher angezeigt, die Hypothese zu verwerfen, 
nach welcher diese ‘‘assoziativen’’ Reizant- 
worten ihren Ursprung in ‘‘unspezifischen’’ 
Projektionssystemen nehmen diirften. 


5. Die Organisation der thalamo-kortikalen 
Verbindungen, welche diese Reizantworten 
vermitteln, scheint wie folgt zu sein: fiir jedes 
der beiden sensorischen Systeme scheint es, 
dass Faserelemente von der primaren Bahn 
abzweigen und Verbindungen zu ‘‘assoziati- 
ven’’ thalamischen Kernen herstellen. Von 
hier werden dann die entsprechenden Rinden- 
felder erreicht. In der Tat erzeugen Reizung- 
en der primadren thalamischen~ Verbindungs- 
kerne (Corpus geniculatum mediale und 
Corpus geniculatum laterale) gleichzeitig 
primare und assoziative Rindenreizantworten. 
Ferner sind Reizantworten auf visuelle und 
akustische Reize feststellbar in der postero- 
lateralen Kerngruppe des Thalamus. Fir 


visuelle Reize reprasentiert der Nucleus poste- 
rior und die dorsale Partie des Nucleus la- 
teralis posterior das thalamische assoziative 
Verbindungsfeld, wihrenddem fiir akustische 
Reize die untere Partie des Nucleus lateralis 
posterior und der Nucleus suprageniculatus 
diese Rolle erfiillen. Die Projektion dieser 
verschiedenen Strukturen auf die Rinde des 
Gyrus suprasylvius wurde mit lokalisierten 
thalamischen Reizungen bestatigt. 

6. Die Bedeutung dieser Untersuchungs- 
resultate und speziell die Tatsache, dass Ex- 
perimente unter tiefer Chloralose-Narkose es 
ermoglicht, speztfische Assoziationssysteme zu 
identifizieren, wird besprochen. 
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ACTIVATION RETICULAIRE ET CORTICALE D’ORIGINE 
CHEMOCEPTIVE AU COURS DE L’HYPOXIE } 


A. HUuGELIN, M. BONVALLET et P. DELL 
Laboratoire de Neurophysiologie, Hépital Henri Rousselle, Paris 


(Received for publication: July 10, 1958) 


L’action de l’hypoxie sur le systéme ner- 
veux central a surtout été considérée jusqu’a 
présent par les physiologistes sous l’angle de 
ses effets dépressifs, et plus particuliérement 
du point de vue de la résistance comparée 
des différentes structures nerveuses au man- 
que d’oxygéne. Par contre, alors que les 
effets excitateurs de l’hypoxie dans la sphére 
psychique sont bien connus, peu de tra- 
vaux ont été consacrés a 1’étude de ses 
effets excitateurs sur 1’activité nerveuse des 
parties hautes de l’encéphale. Une réaction 
d’activation corticographique, précédant la 
phase de désorganisation bien connue, a été 
signalée pour la premiére fois par Sugar et 
Gerard (1938) lors d’ischémies cérébrales ex- 
périmentalement provoquées par clampage 
carotidien. Dell et Bonvallet (1954) ont ob- 
servé cette phase initiale d’activation du corti- 
cogramme en pratiquant une hypoxie aigué 
pure chez le chien ou le chat en préparation 
d’« encéphale isolé» non anesthésié; ils ont 
montré que cette augmentation de l’activité 
corticale est liée a l’intégrité des chémorécep- 
teurs artériels et a celle de leurs voies centra- 
les de projection. Plus réceemment Creutzfeldt, 
Kosamatsu et Vaz-Ferreira (1957) ont-mon- 
tré l’accélération des décharges des cellules 
corticales au cours de 1’activation corticogra- 
phique observée au début de 1’anoxie. 

Cette phase d’activation corticale constitue, 
dans des conditions expérimentales précises 
un phénoméne majeur. Elle témoigne mani- 
festement d’une augmentation du niveau de 
veille sous 1’influence d’une variation du mi- 
lieu intérieur. Dans le cadre d’une étude des 


1 Les recherches rapportées dans cet article ont 
été l’objet d’une subvention partielle de 1’Office of 
Scientific Research of the Air Research and Develop- 
ment Command, United States Air Force, attribuée 
par son Service Européen, sous Contrat AF 61(052)- 
45, 


effets de la décharge des intérocepteurs sur 
la vigilance, nous avons entrepris le présent 
travail dans le but d’élucider certains méca- 
nismes réticulaires et corticaux de cette exci- 
tation centrale due a l’hypoxie. | 


TECHNIQUE 


L’expérimentation a porté sur 16 chats et 
7 chiens sous curare (Flaxédil) et respiration 
artificielle en l’absence d’anesthésie. Les pré- 
parations étaient spinalisées soit en C,, soit 
en D,, afin d’éviter les décharges sympathi- 
ques, classiques au cours de 1’anoxie, suscep- 
tibles de retentir secondairement sur le tonus 
cortical. 

Le corticogramme a été enregistré au con- 
tact de la dure-mére, au moyen d’électrodes 
implantées a4 travers la paroi cranienne. On a 
toujours apporté le plus grand soin au réglage 
de la ventilation pulmonaire, le débit de la 
pompe a respiration artificielle étant ajusté 
de facon telle que le tracé cortical au repos 
présente les caractéristiques d’un état de veille 
diffuse (fuseaux) et que les réactions d’acti- 
vation corticographique soient facilement dé- 
clenchées par des stimulations naturelles. 

La pression artérielle et le cardiogramme 
ont été enregistrés en méme temps que le cor- 
ticogramme, sur le méme dérouleur. 

Les fibres du phrénique ont été isolées sur 
le bout central du nerf disséqué au cou. L’ac- 
tivité des cellules réticulaires mésencéphali- 
ques a été enregistrée au moyen d’électrodes 
d’acier de 5 » a leur extrémité, implantées 
stéréotaxiquement et déplacées a l’aide d’un 
micromanipulateur. 

L’hypoxie a été réalisée par 1’inhalation de 
mélanges d’oxygéne et d’azote, dosés par 
compteur. Le mélange était contenu dans un 
sac de Douglas connecté au moment voulu a 
la pompe 4 respiration artificielle. Bien que 
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la pression alvéolaire de CO: et d’Oz de 1’ani- 
mal placé sous respiration artificielle n’ait 
pas été vérifiée, il ne semble pas que leurs va- 
leurs devaient s’écarter beaucoup des valeurs 
normales du fait que le corticogramme dont on 
sait la sensibilité aux variations ventilatoires, 
gardait constamment un aspect comparable a 
celui d’animaux non anesthésiés auto-ventilés. 
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cielle, présentant un corticogramme de veille 
diffuse, 1’inhalation temporaire d’un mélange 
gazeux fortement hypoxique (5 4 12 pour 
cent d’oxygéne dans de l’azote), provoque 
l’apparition de modifications de 1’activité élec- 
trique corticale ot l’on peut distinguer trois 
phases trés distinctes. Une phase initiale d’ac- 
tivation corticale. généralisée, une phase se- 


do Ahaha A Mth hth aay 
AA AON HH oh lr tly 
era eA Hy ag eI ater 
Tae pall abd ik alla tle pc Lan has rn een ema 
No Mantel alinentt NA hal tayo 
Pe os OG OF NG EAL IG ae Oe Oe Oe ee 


8O sec. 


a cneermnenenme TT i ANU Mia 


r15 


130 sec. 


Fig. 1 
Chat. Encéphale isolé. Corticogramme, cardiogramme et pression artérielle. 


Echantillons du corticogramme avant et 


pendant 


l’inhalation d’un mélange hypoxique 


(O, 5 pour cent, N, 95 pour cent). Noter la phase d’activation corticale généralisée qui est 
trés nette 80 secondes aprés le début de 1’inhalation du mélange, suivie 30 secondes aprés, d’une 
désactivation du tracé cortical. Cette désactivation devient presque totale dans le dernier 


tracé. 


L’élimination des influx originaires des 
chémorécepteurs des glomi carotidiens a été 
réalisée soit par ligature du nerf de Hering 
chez le chien, soit par novocainisation sous 
controle de la vue chez le chat. 


RESULTATS 


Chez l’animal en préparation d’encéphale 
isolé, non anesthésié, sous ventilation artifi- 


condaire de dépression corticale pouvant aller 
jusqu’a la disparition de toute activité électri- 
que (fig. 1), enfin, si l’air est restitué suffi- 
samment tot aprés le début de la désorganisa- 
tion du tracé corticographique, l’activité élec- 
trique réapparait en présentant tous les carac- 
téres d’une excitation corticale généralisée in- 
tense et prolongée (cf. fig. 5 et 6 A). Ces 
deux derniéres phases ont été décrites par 
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Bremer et Thomas (1936) et a leur suite, par 
de nombreux auteurs. L’étude de la phase 
initiale d’activation est l’objet de ce travail 
dans lequel, on envisage successivement ses 
caractéres, ses mécanismes et ses conditions 
d’apparition. 


I. Caractéres de la phase d’activation corti- 
cale initiale au cours de l’hypoxie. 
a) La phase d’activation corticographique 
initiale est caractérisée par la disparition des 


O sec. 


tions frontales. Le phénoméne se généralise 
ensuite a 1’ensemble des dérivations corticales 
en un temps compris entre 2 et 5 sec. (ef. fig. 
3). 

Lors d’une hypoxie provoquée par 1’inha- 
lation d’un mélange gazeux contenant environ 
8 pour cent d’oxygéne, l’activation n’est dé- 
celable que vers la fin de la premiére minute. 
Cependant des réactions plus précoces ont pu 
étre observées, parfois dés la 10éme seconde 
apres le début de l’hypoxie. L’intensité de 
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Fig. 2 
Chat. Section de la moelle en D,. Effets comparés de l’hypoxie sur 1’activité corticale (aire 
associative) et sur l’activité de fibres isolées du nerf phrénique. L’inhalation du mélange 
hypoxique commence au temps O. L’activation du tracé cortical coincide avec 1’apparition 
de l’activité d’une fibre précédemment silencieuse. Pendant le maximum de 1’activation 
corticale, vers la 90éme seconde, la décharge du motoneurone respiratoire, s’est considérable- 


ment accélérée. 


ondes de grande amplitude a fréquence lente 
et par le renforcement des rythmes rapides, 
tant en fréquences qu’en amplitude (fig. 1). 
Cette réaction a toutes les caractéristiques ha- 
bituelles d’un éveil. 

Le début de l’activation est relativement 
brusque et s’observe d’abord sur les dériva- 


l’activation croit progressivement, jusqu’au 
moment ol apparaissent des grandes ondes 
lentes polymorphes (fig. 1 et 6 A) qui annon- 
cent la désorganisation du tracé cortical et 
précédent sa disparition compléte. Celle-ci 
survient dans un délai qui varie suivant la 
teneur en Oo du mélange; pour une hypoxie 
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provoquée par l’inhalation d’un mélange con- 
tenant 8 pour cent d’Oxs, ce délai est de l’ordre 
de 1 min. 30 a 2 min. 

b) La phase d’activation initiale ne sem- 
ble pas apparaitre pour des concentrations 
d’Oz supérieures 4 13 pour cent. A 1l’opposé, 
l’inhalation d’azote pur provoque une désor- 
ganisation rapide du tracé cortical et la phase 
d’activation est fugace. Il faut noter enfin 
que le corticogramme résiste moins 4 1’anoxie 
qu’a l’asphyxie. 
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montre, au contraire, une baisse progressive 
du tonus sympathique pendant la phase d’ac- 
tivation initiale (fig. 1 et 3). 


II. Origine périphérique chémoceptive du 
déclenchement de la phase d’activation 
corticale initiale. 

L’activation corticographique précoce dé- 
elenchée par l’inhalation d’un mélange hy- 
poxique a été rapprochée de l’augmentation 
respiratoire classique qui survient lors d’hy- 
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Fig. 3 
Chien. Encéphale isolé bivagotomisé. Corticogramme, cardiogramme et pression artérielle. 
Echantillons du corticogramme avant et pendant 1l’inhalation d’un mélange hypoxique 
(O, 7 pour cent, N, 93 pour cent). L’activation corticale apparait sur les dérivations frontales 
vers la 25éme see. et devient rapidement généralisée. La désactivation du tracé cortical débute 


vers la 90éme sec. 


c) Les phénoménes d’activation cortico- 
graphique que 1’on vient de décrire sont direc- 
tement liés 4 ]’anoxie: ils ne sont pas la con- 
séquence indirecte des effets sympathiques de 
l’anoxie, que la spinalisation élimine dans nos 
conditions expérimentales, ot 1’enregistrement 
de la pression artérielle et du cardiogramme 


poxies d’intensité analogue (Haldane et 
Priestley 1905) et 1’on s’est demandé si les 
deux phénoménes n’étaient pas dus a la méme 
cause, ¢’est-a-dire 4 la décharge des chémoré- 
cepteurs périphériques mis en évidence par 
Heymans et coll. (cf. in Heymans et Bouc- 
kaert 1934). Pour confirmer cette hypothése, 
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on a procédé a deux types d’expériences: @) 
la comparaison de 1’évolution de l’activité du 
nerf phrénique, test de 1’activité respiratoire, 
et de celle du corticogramme, au cours d’une 
hypoxie; 0) l’observation des effets de 1’éli- 
mination des chémorécepteurs vasculaires sur 
les modifications corticographiques provo- 
quées par l’hypoxie. 
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type respiratoire évoluant par bouffées, d’au- 
tres, rencontrés plus rarement, ont une acti- 
vité de type continu. Lors de 1’administra- 
tion d’un mélange gazeux contenant un taux 
d’O, inférieur 4 13 pour cent, on peut consta- 
ter une augmentation de ces deux types d’ac- 
tivité ou la mise en jeu de certaines fibres, 
inactives dans des conditions de ventilation 
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Fig. 4 


Chien. Encéphale isolé bivagotomisé. Méme préparation que dans la figure 3, mais aprés 
novocainisation de la région glomocarotidienne. L’inhalation du mélange hypoxique n’entraine 
plus la phase initiale d’activité corticale généralisée. 


a) Simultanéité de l’activation corticale et de 
l’activation respiratoire lors d’une 
hypoxie. 

Les expériences ont été réalisées sur des 
préparations spinalisées en D,, bivagotomisées 
au cou et curarisées. Dans ces conditions, ]’en- 
registrement des décharges de fibres isolées 


du phrénique montre deux types possibles de 


comportement de ces éléments; certains pré- 
sentent une activité rythmique périodique du 


normale. Le début de 1’activation respiratoire 
coincide généralement avec le début de la 
phase initiale d’activation corticale. La figure 
2 illustre ce phénoméne en montrant, au cours 
d’une hypoxie 4 7 pour cent d’Ozs, le début 
de la décharge d’une fibre du phrénique, jus- 
que 1a silencieuse, coincidant avec la réaction 
d’activation corticale (2éme tracé) puis 1’ac- 
célération synchrone de la décharge phrénique 
et de la réponse corticale. Le maximum de 
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l’activation du cortex (3éme tracé) coincide 
avec une excitation considérable de 1’activité 
inspiratoire. Si 1’on poursuit l’hypoxie au- 
dela de la disparition de 1’activité électrique 
corticale, il a été observé que la décharge 
phrénique augmente encore pendant une 
vingtaine de secondes, puis cesse brusquement. 
Ces résultats suggéraient nettement que 1’ac- 


tivation corticale et 1’excitation respiratoire 
sont mises en jeu par les mémes mécanismes. 


b) Origine chémoréflexe de l’activation 
corticale. 


On sait que l’excitation respiratoire qui se 
produit au cours de l’anoxie est engendrée 
par la décharge des chémorécepteurs caroti- 
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Chat. Encéphale isolé. Effets comparés de 1’inhalation pendant deux minutes 
d’un mélange hypoxique (O, 6 pour cent, N, 94 pour cent) sur 1’activité 
corticale et sur 1’activité d’une cellule réticulaire identifiée par ses réponses 
a une stimulation extéroceptive et 4 une stimulation humorale. 

1. Accélération de la décharge de la cellule réticulaire lors de la stimulation 
répétitive du nerf lingual (les grandes déflections correspondent aux chocs- 
artéfacts). 

2. Accélération de la décharge de la méme cellule 4 la suite de 1’injection 
intraveineuse de 1 uwg/kg. d’adrénaline. 

3. De haut en bas, échantillons des décharges de cette cellule et échantillons d 
correspondants du corticogramme, avant, pendant et aprés 1’inhalation du ti 
mélange hypoxique, aux temps indiqués 4 gauche. Noter: a) que le cortico- 
gramme et la cellule s’activent simultanément (10 sec.); b) que la désac- 
tivation corticale coincide avec une intensification considérable de la décharge 
de la cellule réticulaire (1 min. 30); c) que 1’activation post-anoxique du 
corticogramme coincide avee la disparition compléte de la décharge de 
l’unité réticulaire enregistrée (2 min., 30). a 
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diens et aortiques. Pour rechercher si 1’acti- 
vation corticale qui s’observe simultanément 
est originaire des mémes récepteurs, on a com- 
paré, au cours de la méme expérience, les ef- 
fets de l’hypoxie avant et aprés élimination 
des glomi carotidiens, chez des préparations 
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possible chez une préparation bivagotomisée 
et 4 glomi carotidiens intacts (fig. 3), mais 
que, aprés élimination de ceux-ci, aucun phé- 
noméne de réveil initial ne peut plus étre ob- 
tenu par la méme manceuvre (fig. 4). L’ac- 
tivation corticographique déclenchée par une 
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Fig. 6 
Chat. Encéphale isolé. Influence de la P, CO, sur 1’activation corticale d’origine réticu- 


laire lors d’une anoxie. 


Echantillons du corticogramme avant, pendant et aprés l’inhalation d’un mélange 
hypoxique (O, 8 pour cent, N. 92 pour cent), survenant sur un fond d’eucapnie (ventila- 
tion normale) (A) et sur un fond de légére hypocapnie (hyperventilation moyenne) (B). 
On notera qu’en A, 1’activation corticale, déja décelable 4 la 15éme seconde, s’intensifie 
progressivement jusqu’aé la fin de la 2ame minute. Par contre, 1’activation est presque 
nulle en B. On notera également en A, 1’identité morphologique de 1’activation corticale 
chémoréflexe (1 min., 20 et 1 min. , 40) et de l’activation post-anoxique (de 3 min., 20 
a 7 min.) dont le mécanisme est entidrement différent. 


dont les vagues avaient été préalablement sec- 
tionnés au cou afin d’éliminer également la 
décharge des récepteurs aortiques chémosensi- 
bles. Ces expériences, réalisées chez le chien, 
et vérifiées chez le chat, ont montré qu’une 
activation corticale par l’hypoxie est encore 


anoxie est done liée 4 une excitation nerveuse 
originaire des glomi carotidiens. L’analogie 
de ce mécanisme avec celui de la mise en jeu 
de l’activation respiratoire suggére que les 
chémorécepteurs aortiques participent égale- 
ment a la réaction d’éveil cortical. 
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III. Excitation hypoxique des cellules 
activatrices réticulmres. 


Les résultats précédents, rapprochés du 
fait que les excitations généralisées du cortex 
d’origine sensorielle se produisent par 1’inter- 
médiaire d’une activation réticulaire, lais- 
salient supposer que les influx originaires des 
chémorécepteurs excitent la substance réticu- 
laire activatrice. Pour vérifier cette hypothése, 
on a enregistré simultanément au cours de 
l’hypoxie, le corticogramme et 1’activité de 
cellules réticulaires mésencéphaliques appar- 
tenant au systéme activateur ascendant. Une 
cellule a été considérée comme une unité réti- 
culaire activatrice chaque fois qu’on a cons- 
taté la simultanéité de l’augmentation de sa 
décharge et de 1’éveil cortical, pour au moins 
deux types de stimulations différentes (bruit, 
lumiére, stimulation cutanée de la face, sti- 
mulation du nerf lingual, stimulation olfac- 
tive, stimulation humorale par 1’adrénaline). 
Cette investigation n’a porté que sur un nom- 
bre limité d’éléments réticulaires, mais dans 
tous les cas oi une hypoxie a été pratiquée, 
on a, sans aucune exception, constaté une acti- 
vation des cellules ainsi identifiées (voir fi- 
gure 5 a gauche, et figure 7). Cette constata- 
tion, jointe au fait que toutes les stimulations 
sensorielles pratiquées ne se sont pas montrées 
ecapables de provoquer l’excitation des mémes 
cellules, indique la puissance de la stimulation 
d’origine chémoceptive. 


IV. Excitabilité corticale et réponse a la dé- 
charge réticulaire activatrice ascendante. 


La comparaison de 1]’activation réticulaire 
et de l’activation corticale lors de la phase 
initiale de l’hypoxie, révéle que 1’évolution 
des deux phénoménes est synchrone mais non 
paralléle, et que l’intensité de la réponse cor- 
ticale est d’autant plus faible que la pression 
partielle du COs artériel (P, CO2) est plus 
basse. 

a) Il a été réguliérement constaté que 
l’hyperventilation préalable est susceptible 
d’affecter profondément la réponse corticale 
a l’hypoxie. Sur la figure 6, les tracés de 
gauche (A) proviennent d’un essai ou la 
pompe a respiration artificielle a été réglée de 
facon 4 provoquer une ventilation normale; 


l’activation corticale débute rapidement, dés 
la 15éme seconde d’approvisionnement avec 
un mélange hypoxique; elle s’intensifie en- 
suite progressivement et reste décelable pen- 
dant 2 minutes sur toutes les dérivations cor- 
ticales. Par contre, les tracés de droite (B) 
ont été obtenus chez un autre animal, alors 
qu’une hyperventilation de moyenne impor- 
tanee (125 4 150 pour cent de la ventilation 
normale), mais prolongée, a précédé le début 
de l’hypoxie et provoqué un tracé cortical de 
départ caractéristique de l’hypocapnie; 1’ac- 
tivation corticale précédant la désorganisation 
anoxique est a peine indiquée, voire inexis- 
tante. 

b) L’enregistrement simultané de 1’acti- 
vité unitaire réticulaire et du corticogramme 
montre que, dans le cas ot |’activation initiale 
du corticogramme a été supprimée par une 
hyperventilation préalable, il existe néan- 
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Fig. 7 


Chat. Encéphale isolé. Méme préparation que figure 
6B. 

Accélération de la fréquence de décharge d’une cellule 
réticulaire au cours de l’hypoxie dont les effets cor- 
ticographiques ont été reproduits sur la figure 6B. 
On notera, en comparant les deux figures, que 1’accé- 
lération brusque, 4 2 min. correspond & la désorganisa- 
tion du corticogramme que traduit l’apparition de 
grandes ondes lentes polymorphes. 


moins une activation réticulaire intense. La 
figure 7 montre ainsi une accélération nette 
de la fréquence de décharge d’une unité mé- 
sencéphalique appartenant au systéme activa- 
teur, enregistrée en méme temps que le tracé 
de la figure 6 B. Cette constatation montre 
que l’absence de réaction d’activation corti- 
cale n’est pas due 4 un défaut d’excitation 
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du systéme réticulaire activateur, mais a un 
défaut d’excitabilité corticale. On arrive ainsi 
4 la conclusion que le cortex cérébral n’est 
capable de répondre a la décharge chémocep- 
tive transmise par la formation réticulaire 
qu’a la condition d’une P, CO2g suffisamment 
élevée. 

c) Chez des préparations normalement ou 
subnormalement ventilées, l1’enregistrement si- 
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tater une ébauche de plateau dans l’augmenta- 
tion de fréquence des unités réticulaires. De 
plus, au moment précis ot se manifeste la dé- 
sorganisation du corticogramme, on note une 
intensification brutale et considérable de la 
décharge réticulaire (fig. 5). Il semble que 
ces constatations, qui montrent la relative 
complexité des interrelations cortico-réticulai- 
res, pourraient s’expliquer par 1l’intervention 
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Fig. 8 
Chat. Transsection diencéphalique et section sous-bulbaire. 
Echantillons du corticogramme avant, pendant et aprés 1’inhalation d’un 
mélange hypoxique (O, 7 pour cent, N, 93 pour cent). Les effets immédiats 


de l’hypoxie sont purement dépressifs. 


Par contre, pendant la phase post- 


hypoxique, on constate une intensification considérable et prolongée des 
bouffées d’activité rapide, caractérisant 1’auto-rythmicité du cortex. 


multané des décharges unitaires réticulaires 
et du corticogramme ne dénote pas de paral- 
lélisme dans 1’évolution de ces deux types 
d’activité. En effet, si le début de 1’activation 
corticale coincide toujours avec une intensifi- 
cation nette des décharges réticulaires, le dé- 
veloppement de 1’activation corticale, autant 
que l’on puisse en juger, se produit de facon 
progressive, tandis qu’il est fréquent de cons- 


d’un mécanisme corticifuge inhibiteur, con- 
trolant l’activité réticulaire (cf. Hugelin et 
Bonvallet 1957 a, b, ¢ et 1958). 


V. Différences entre la phase d’actiwation 
imitiale et la phase d’activation 
post-anoxique. 


D’un point de vue strictement graphique, 
l’activation initiale et 1’activation post-anoxi- 


334 


que décrite par Bremer et Thomas (1936) 
semblent identiques; la figure 6 A permet de 
constater cette similitude entre les deux pha- 
ses d’activation. En réalité le mécanisme des 
deux phénoménes est entiérement différent. 


a) L’enregistrement simultané des déchar- 
ges réticulaires unitaires et du corticogramme 
montre que, contrairement 4 1’activation ini- 
tiale du corticogramme, l’activation corticale 
post-anoxique coincide constamment avec une 
dépression de l’activité réticulaire (fig. 5). 
Ce fait démontre a la fois l’origine non-réti- 
culaire de l’activation post-anoxique du cor- 
tex et la possibilité d’une réaction d’activation 
généralisée corticale d’origine extra-réticu- 
laire (due vraisemblablement a 1l’action di- 
recte au niveau du cortex d’un facteur méta- 
bolique), phénoménologiquement comparable 
aux activations généralisées d’origine réticu- 
laire. 

b) Chez une préparation ot 1’on a isolé 
chirurgicalement le cortex cérébral du trone 
cérébral en pratiquant une transsection com- 
pléte de 1’encéphale en avant du thalamus an- 
térieur, l’enregistrement du corticogramme 
rostralement a la section, révéle une activité 
de repos faite de grandes ondes polymorphes 
entrecoupées de bouffées d’activité rapide 
(spindle bursts). Lors d’une hypoxie, la dé- 
pression de ce type d’activité se produit dans 
un délai analogue a celui oti s’observe la dé- 
pression de |’activité corticale chez 1’encéphale 
isolé, mais sans aucune activation initiale. Par 
contre, au cours de la période post-anoxique, 
on observe une augmentation considérable de 
l’activité autorythmique dont les délais et 
l’évolution générale sont comparables 4 ceux 
de l’activation post-anoxique de 1’« encéphale 
isolé » (fig. 8) ; ceci confirme que 1’activation 
post-anoxique est un phénoméne dont le dé- 
elenchement est di a l’intervention de fac- 
teurs métaboliques au niveau cortical. 


DISCUSSION 


Les résultats rapportés ci-dessus montrent 
que, lors d’une hypoxie poussée pratiquée 
dans des conditions expérimentales qui élimi- 
nent les régulations respiratoires, la décharge 
sympathique et les régulations cardio-vascu- 
laires (cas de l’encéphale isolé vagotomisé), 
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l’activité corticale évolue par trois phases: a) 
une phase d’activation, caractérisée par un 
tracé cortical semblable 4 ceux de 1’éveil sen- 
soriel; b) une phase de dépression, ou, aprés 
une série de fuseaux et d’ondes lentes, 1’acti- 
vité électrique peut disparaitre complétement ; 
c) une phase d’activation intense qui s’ins- 
talle rapidement aprés la réinstallation de la 
ventilation en normoxie, 4 condition que I|’hy- 
poxie et l’arrét de 1’activité corticale n’aient 
pas été trop prolongés. 

Alors que les mécanismes responsables de 
la phase de dépression anoxique a été ana- 
lysée par de nombreux auteurs (Bremer et 
Thomas 1936, et ef. bibliographie in Sugar et 
Gerard 1938, Gibbs et coll. 1940, et Creutz- 
feldt et coll. 1957), les mécanismes responsa- 
bles de la phase d’activation initiale n’ont pas, 
a notre connaissance, été l’objet d’une étude 
expérimentale. C’est exclusivement sur 1’ana- 
lyse de cette phase que portera notre discus- 
sion; on y abordera trois points principaux: 
en premier lieu celui des mécanismes centraux 
et périphériques aboutissant a 1’activation 
corticale; en second lieu, celui des conditions 
expérimentales favorisant l’apparition de 
cette activation, ce qui permettra de préciser 
le role adjuvant mais capital du facteur P, 
COs qui conditionne 1|’intensité de la réponse 
corticale aux effets ascendants réticulaires; 
on envisagera enfin la signification fonction- 
nelle de cet effet excitateur de l’hypoxie sur 
le cortex et le réseau neuronique activateur. 


I. L’actiwation corticale est la conséquence 
des effets réticulaires de l’intensification 
des décharges périphériques d’origine ché- 
moceptive. 
1° L’origine chémoceptive périphérique 

de l’activation corticale est démontrée directe- 

ment par le fait que, aprés élimination des 
chémorécepteurs carotidiens et aortiques, 1’ac- 
tivité corticale parvient a4 la phase de dépres- 
sion hypoxique sans avoir jamais présenté la 
moindre activation. On sait que les décharges 
dans le nerf de Hering, d4ja présentes pour 
une pression alvéolaire d’oxygéne (P,4 Oz) 
normale, s’intensifient rapidement pour des 
diminutions méme faibles de la Pa, O» (Witzler 
et coll. 1955) et qu’elles déclenchent les régu- 
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lations respiratoires 4 l’hypoxie en agissant 
directement au niveau des centres respira- 
toires bulbaires, puisque ces régulations exis- 
tent chez les préparations bulbo-spinales. Les 
effets de ces décharges sur le cortex cérébral 
obligent 4 admettre qu’elles atteignent égale- 
ment des structures situées plus avant que le 
bulbe, soit qu’elles parviennent directement 
jusqu’au niveau cortical, soit que |’activation 
eorticale résulte de leurs effets sur des forma- 
tions de relais sous-corticales. 

2° Le mécanisme réticulaire de ]’activation 
corticale hypoxique était suggérée par le fait 
que l’aspect du tracé cortical lors de cette 
activation généralisée (ondes rapides de 30 a 
80 par sec.) est indiscernable des activations 
corticales d’origine sensorielle dont on con- 
nait le mécanisme réticulaire. Cet argument 
ne pouvait cependant étre considéré comme 
définitif, puisque des études récentes ont mon- 
tré que certaines substances pharmacologiques 
pouvaient provoquer l’apparition d’aspects 
corticaux d’activation d’origine non réticu- 
laire (Desmedt et La Grutta 1957) et que, 
dans la présente série d’expériences, nous 
avons pu constater que la phase d’activation 
corticale post-hypoxique apparait encore dans 
les cas oti le cortex est déconnecté des forma- 
tions réticulaires activatrices par une trans- 
section diencéphalique du trone cérébral. 


Les enregistrements directs par microélec- 
trodes au niveau du tegmentum mésencépha- 
lique donnent par contre une preuve certaine 
de l’activation directe des formations réticu- 
laires activatrices par les décharges des ché- 
morécepteurs: @) une intensification considé- 
rable de l’activité d’éléments réticulaires mé- 
seneéphaliques coincide avec |’activation cor- 
ticale; b) cette intensification n’est pas une 
conséquence de l’activation corticale puisque 
nous avons pu vérifier qu’elle persiste aprés 
la destruction du cortex; c) les cellules acti- 
vées par l’hypoxie font bien partie du systéme 
réticulaire activateur ascendant mis en évi- 
dence par Moruzzi et Magoun, puisqu’il est 
possible de les mettre en jeu également par 
des stimulations sensorielles et par des effets 
humoraux. 

Il faut done concevoir 1’activation corti- 
eale hypoxique comme la conséquence d’une 


excitation primaire des formations réticulaires 
du trone cérébral par les décharges venues des 
intérocepteurs chémosensibles artériels, dont 
les effets sur ces formations sont équivalents 
a ceux des décharges provenant des organes 
sensoriels du systéme de la vie de relation. 


II. Conditions d’installation de l’activation 
corticale initiale d’origine hy poxique. 


L’activation corticale hypoxique dépend 
par conséquent, d’une part des conditions 
d’excitabilité des systémes réticulaires, et 
d’autre part de la capacité de réponse du 
cortex aux influx activateurs ascendants réti- 
culaires. Les variations d’excitabilité a ces 
deux niveaux peuvent évoluer de facon diffé- 
rente et étre décalées chronologiquement. Au 
cours de ces expériences, il est rapidement 
apparu que deux facteurs locaux essentiels, a 
savoir, les effets dépressifs directs de l’hy- 
poxie au niveau de ces deux structures d’une 
part, la sensibilité différente du cortex et de 
la substance réticulaire au COs d’autre part, 
étaient responsables des variations d’intensité 
(ou méme de la non-apparition) de 1’activa- 
tion corticale d’un essai a 1’autre. 


1° Sensibilité comparée du systéme réticulé 
activateur et du cortex au défaut d’oxy- 
gene. 

Le fait que le cortex cérébral est plus sen- 
sible a l’hypoxie que ne 1’est le trone cérébral 
est une donnée classique. Elle a été démontrée 
de longue date par la disparition, lors d’une 
hypoxie progressive, de réponses nécessitant 
l’intégrité fonetionnelle de 1’écorce cérébrale, 
alors que persistent des réponses ne faisant 
intervenir que le trone cérébral; plus récem- 
ment grace aux techniques électriques, la dis- 
parition de ]’activité électrique corticale avant 
eelle des structures sous-corticales, lors d’hy- 
poxies tissulaires (HCN) ou respiratoires, a 
été maintes fois démontrée. La figure 5 ot 
l’on observe la décharge massive d’une cellule 
réticulaire, alors que 1l’activité corticale est 
déja désorganisée, en est une nouvelle illustra- 
tion. 

La condition primordiale pour que puisse 
se produire 1’activation hypoxique du cortex 
est done qu’une dépression hypoxique corti- 
eale, méme relative, ne s’installe pas avant 
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que les décharges chémoceptives soient suffi- 
samment intenses pour mettre en action le 
systéme réticulaire activateur. I] est vraisem- 
blable d’autre part, que certains facteurs mé- 
taboliques (l’hypoglycémie par exemple) fa- 
vorisent une installation relativement précoce 
de la dépression hypoxique corticale. Enfin, 
au cours de ces expériences, nous avons cons- 
taté la trés lente réversibilité des effets dé- 
pressifs de l’hypoxie sur l’activité corticale: 
le cortex supporte mal des hypoxies successi- 
ves, méme dans les cas ot 1’on a évité la phase 
de disparition compléte de 1’activité corticale. 


2° Influence de la P, CO» sur la sensibilaté 
du cortex aux effets activateurs réticulai- 
res. 


Il a été réguliérement constaté au cours de 
ces expériences que la condition sine qua non 
pour obtenir, lors d’une hypoxie, une activa- 
tion corticale d’origine chémoréflexe, était 
l’existence d’une P, CO. adéquate dans le 
sang irrigant les centres nerveux. Lorsque la 
P, COs est abaissée par hyperventilation, la 
réponse corticale a 1l’excitation corticipéte 
d’origine réticulaire diminue, bien que cette 
derniére soit intense ainsi qu’en témoignent 
les enregistrements d’unités réticulaires mé- 
sencéphaliques appartenant au systéme acti- 
vateur. Cette sensibilité élective du cortex 
eérébral a l’hypocapnie est en accord avec les 
hypothéses classiques concernant les effets de 
l’hyperventilation observées en EEG (ef. 
Kornmiiller 1935 et Gerard 1936) et avec les 
observations récentes de Hugelin et Bonvallet 
(1957 a et b 1958). 

Cette sensibilité élective du cortex 4a 
l’alcalose rappelle des observations connues 
dans le domaine de_ physiologie respira- 
toire. Il est classique qu’une stimulation 
ayant des effets facilitateurs sur la ventila- 
tion soit moins efficace au cours d’une hypo- 
capnie, ce qui s’explique par la sensibilité di- 
recte des centres respiratoires 4 la P, COs. 
Les observations de Nielsen et Smith (1951) 
indiquent une analogie plus grande encore 
entre les propriétés des centres respiratoires 
et celles du cortex cérébral; ces auteurs ont 
observé que la réponse ventilatoire au stimulus 
hypoxique est susceptible d’étre augmentée 


par correction partielle de 1’alcalose qu’elle 
a elle-méme engendrée. Ces faits sont en ac- 
cord avec les résultats expérimentaux d’un 
travail antérieur (Bonvallet, Hugelin et Dell 
1955) qui révélent la synchronie remarquable 
des variations de l’activité du nerf phrénique 
et du cortex cérébral a l’hypocapnie. 


La conséquence de cette constatation est 
double. Du point de vue pratique, elle expli- 
que que l’activation réticulaire n’ait pas de 
répercussion corticographique notable chez 
l’7homme ou chez l’animal auto-ventilé, du 
fait que toute hypoxie tant soit peu intense 
provoque une hyperventilation. Celle-ci éléve 
d’une part, la pression artérielle d’oxygéne 
et d’autre part abaisse la Pg COs. On peut 
concevoir que ceci ait pour conséquence de 
mettre le cortex hors d’état de répondre 4 
une décharge plus intense du systéme activa- 
teur ascendant. Du point de vue théorique, 
par contre, on peut suggérer que l|’activation 
corticographique initiale intense observée au 
cours de l’asphyxie est due 4a un niveau de la 
P, COs, compatible avec 1’excitation corticale. 
Cette constatation confirme la proposition 
faite dans un travail antérieur (Hugelin et 
Bonvallet 1957a, b et ce) que, en général, le 
niveau du tonus cortical ne traduit pas cons- 
tamment le niveau de 1’activité réticulaire, et 
que, en particulier, les effets corticaux de 
l’hyperventilation sont dus, non pas a une 
action sur un mécanisme réticulaire, mais au 
fait que le cortex est plus sensible a l’hypo- 
capnie que ne l’est le systéme réticulaire. 


III. Signification fonctionnelle de l’activation 
réticulaire d’origine hypoxique. 


La signification fonctionnelle de 1’activa- 
tion réticulaire d’origine chémoceptive n’est 
pas univoque du fait de son intrication, dans 
des conditions physiologiques avee des méca- 
nismes de contre-régulation. En effet, sauf 
dans le cas d’une vie @ une altitude relative- 
ment élevée, l’organisme n’est jamais soumis 
a une hypoxie pure; méme dans ce gas, les 
régulations de l’équilibre acide-base, consé- 
quence de l’adaptation respiratoire, transfor- 
ment rapidement la réceptivité des formations 
nerveuses sur lesquelles agit l’hypoxie. On 
a vu par exemple que les réponses a l’hypoxie 
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du centre respiratoire et du cortex cérébral 
varient suivant le niveau de la pression arté- 
rielle du COs, et que l’alealose, résultant de 
Vhyperventilation, diminue ou empéche ces 
réponses. 

Compte tenu de ees restrictions, il est ce- 
pendant plusieurs situations physiologiques 
(exposition a l’altitude, asphyxie, travail mus- 
culaire) ou l’activation réticulaire chémoré- 
flexe peut étre a l’origine de certaines des 
composantes des modifications de 1’activité 
observées dans la sphére motrice, dans la sphé- 
re sensitive ou dans le comportement global. 


a) Au cours de l’hypoxie pure. 

On sait qu’une élévation rapide a de fai- 
bles pressions barométriques provoque des 
phénoménes d’excitation motrice et psychi- 
que et que l’insomnie est une des manifesta- 
tions bien connue des troubles éprouvés lors 
de séjours a haute altitude (expéditions hi- 
malayennes). Des recherches physiologiques 
(cf. in Grandjean, 1948) ont montré qu’au 
cours d’un séjour a 1’altitude, malgré l’appa- 
rition de phénoménes d’adaptation, on peut 
observer une facilitation des réflexes myota- 
tiques et une exagération de l’acuité senso- 
rielle. La mise en évidence d’une activation 
hypoxique chémoréflexe du systéme réticu- 
laire activateur, capable d’influer sur les sphé- 
res corticales, motrices et sensorielles, permet 
d’envisager comme possible une origine réti- 
culaire a ces différentes manifestations. 

Il est intéressant de noter d’autre part 
que, dans 1’intoxication oxycarbonnée, il 
n’existe aucune excitation centrale et, en 
particulier, aucun phénomeéne de réveil. Ceci 
s’expliquerait par le fait que, dans ce eas, il 
n’y a pas d’activation réticulaire d’origine 
chémoréflexe, l1’?oxyde de carbone entrainant 
une diminution considérable du volume d’Oz 
globulaire sans qu’il y ait de variation de la 
P, Os. L’absence d’activation réticulaire et 
corticale serait ainsi comparable a 1l’absence 
d’effets excitateurs dans le domaine ventila- 
toire caractéristique de ce type d’intoxication. 


b) Au cours de l’asphyxie. 

L’intensité des phénoménes d/’activation 
corticale qui s’observent au début d’une as- 
phyxie peut étre expliquée, comme les phéno- 


ménes d’excitation qui se produisent au ni- 
veau des centres respiratoires, par une combi- 
naison de facteurs d’excitation, primaires ou 
secondaires. Les facteurs primaires sont cons- 
titués d’une part, par l’excitation réticulaire 
d’origine chémoréflexe liée 4 la baisse de la 
P, Os et d’autre part, par l’excitation réti- 
culaire tant chémoréflexe qu’humorale directe 
provoquée par 1’élévation de la P, COz (Bon- 
vallet, Hugelin et Dell 1956). On a vu d’au- 
tre part précédemment que l’existence d’un 
certain taux de COe sanguin augmente 1|’exci- 
tabilité corticale, de méme qu’elle augmente 
l’excitabilité des centres respiratoires. Les 
facteurs secondaires sont constitués par ]’aug- 
mentation du tonus sympathique et notam- 
ment par la décharge d’adrénaline déclenchée 
par l’asphyxie, qui par un mécanisme de 
feed-back positif, augmentent encore le niveau 
de l’activité réticulaire (Bonvallet, Dell et 
Hiebel 1954; Dell, Bonvallet et Hugelin 1954; 
Bonvallet, Hugelin et Dell 1956). On com- 
prend que la convergence de ces influences 
activatrices parvienne a créer un état d’alerte 
de l’organisme facilitant une réaction adaptée. 

Si l’asphyxie se prolonge, le manque d’Oz2 
agissant différentiellement sur les différentes 
parties du systéme nerveux central, le com- 
portement de l’organisme est modifié. L’ar- 
rét de l’activité corticale est l’une des pre- 
miéres manifestations de l’anoxie tissulaire, 
alors que le systéme réticulaire, beaucoup plus 
résistant, reste actif. La disparition de 1’ac- 
tivité corticale, qui s’effectue toujours trés 
rapidement, libére alors brusquement 1’acti- 
vité réticulaire d’un puissant controle inhibi- 
teur corticifuge que nous avons récemment 
mis en évidence (Hugelin et Bonvallet 1957a 
et b et 1958). Les figures 5 et 7 illustrent de 
facon trés nette l’augmentation considérable 
des décharges réticulaires qui peut étre obser- 
vée au moment ot cesse l’activité corticogra- 
phique. Dans des conditions physiologiques, 
libérée du frein cortical et. encore soumise aux 
effets stimulants de 1’anoxie, de l’hypercapnie 
et sans aucun doute de l’hyperadrénalinémie, 
l’activité réticulaire doit alors atteindre un 
maximum, qui pourrait expliquer 1’excitation 
motrice sans équivalent qui apparait 4 un cer- 
tain stade d’une asphyxie prolongée. 
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RESUME 


1° L’inhalation d’un mélange gazeux for- 
tement hypoxique provoque chez le chien ou 
le chat spinalisé, non anesthésié, a ventilation 
econstante, une réaction corticographique 
d’éveil, qui précéde la dépression classique 
due au défaut d’oxygénation corticale. 

2° Cette activation est d’origine chémo- 
ceptive: elle évolue simultanément 4 1’activa- 
tion respiratoire; elle est supprimée apres éli- 
mination des corpuscules carotidiens et aorti- 
ques. 

3° L’étude de la décharge de cellules réti- 
culaires mésencéphaliques, identifiées comme 
appartenant au systéme réticulaire activateur, 
montre que l’activation corticale initiale de 
l’hypoxie est liée a une augmentation de la 
décharge réticulaire. 

4° Les mémes cellules réticulaires peuvent 
étre activées conjointement par des stimuli 
sensoriels et par des stimuli chémoceptifs; il 
existe done une convergence d’actions extéro- 
ceptives et intéroceptives au niveau réticu- 
laire. 

5° Une pression partielle suffisante de 
CO. sanguin est nécessaire pour que le cortex 
eérébral réponde a la décharge réticulaire. 
Chez l’animal normal et chez l’homme, |’hy- 
poxie entraine une importante réponse venti- 
latoire génératrice d’hypocapnie; on com- 
prend que, dans ces conditions, |’excitation 
réticulaire intense, qui résulte de l’hypoxie, 
puisse n’avoir aucune répercussion cortico- 
eraphique. 

6° L’activation corticale initiale, précé- 
dant la dépression anoxique du corticogram- 
me, doit étre distinguée de la phase classique 
d’activation post-anoxique. Ces deux types 
d’activation corticale, bien que graphiquement 
similaires, sont provoquées par des mécanis- 
mes différents. En effet, pendant 1’activation 
eorticale post-anoxique, l’activité réticulaire 
est inhibée. D’autre part, aprés avoir isolé 
le cortex cérébral du trone cérébral et du 
thalamus, la dépression anoxique de 1’activité 
électrique corticale est suivie d’une augmenta- 
tion considérable de l’activité autorythmique 
du cortex; cette phase d’excitation corticale 
post-anoxique est identique dans ses délais et 
son évolution 4 la phase d’activation corticale 
post-anoxique observé chez 1’encéphale isolé. 


SUMMARY 


1. In the non-anesthetized spinal dog or 
cat under artificial respiration, the inhalation 
of a gas mixture of low Os content induces a 
cortical arousal reaction just before the clas- 
sical cortical depression. 

2. This activation is of chemoreceptive ori- 
gin: it develops simultaneously with the re- 
spiratory activation; it does not occur after 
the suppression of the carotid and aortie 
bodies. 

3. This hypoxic cortical activation is re- 
lated to the reticular discharge as shown by 
studying the activity of mesencephalic retic- 
ular units, identified as belonging to the retic- 
ular activating system. 

4. Sensory stimuli as well as the stimula- 
tion of the chemoreceptors may activate the 
same reticular cells; impulses from extero- 
and interoceptive fields might therefore con- 
verge at the reticular level. 

5. An adequate COs partial pressure in 
the blood is necessary to obtain a cortical 
reaction in response to reticular discharges 
during hypoxia. In normal animal and in 
man, hypoxia induces overbreathing and con- 
sequently hypocapnia; this explains that, in 
spite of the strong reticular activation, no 
cortical effect may occur under such condi- 
tions. 

6. This cortical activation which appears 
before the anoxic depression must be dif- 
ferentiated from the classical cortical activa- 
tion following acute hypoxia. These two types 
of cortical activation, although graphically 
similar, seem to be entirely different. During 
the post-anoxie cortical activation the retic- 
ular activity is inhibited. On the other hand, 
after interrupting the reticular and thalamic 
connections to the cortex, the cortical burst 
activity is increased during a_ post-anoxic 
phase; the delay and evolution of this phase 
are similar to the post-anoxice cortical activa- 
tion of ‘‘encéphale isolé’’ preparation. 


ZUSAMMENFASSUNG 


1. Die Kinatmung eines Gasgemisches mit 
stark vermindertem Sauerstoffgehalt erzeugt 
bei nicht-narkotisierten Hunden und Katzen 
mit hoher Riickenmarkdurchschneidung und 
konstanter Atmungsventilation eine Weck- 
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reaktion im Elektrokortikogramm, welche der 
klassischen anoxischen Depression der Rin- 
denactivitat vorausgeht. 

2. Diese Aktivierung ist chemorezeptoris- 
chen Ursprungs: sie entwickelt sich gleichzei- 
tig mit einer Atmungsaktivierung und ver- 
schwindet nach Elimination der Chemorezep- 
toren im Carotissinus und der Aorta. 


3. Eine Untersuchung der Entladung re- 
tikularer Nervenzellen im Mittelhirn, welche 
als zum aktivierenden Retikulirapparat ge- 
horende identifiziert werden konnten zeigte, 
dass die initiale Rindenaktivierung unter Hy- 
poxie verbunden ist mit einer Steigerung der 
Entladungsintensitat dieser retikularen Neu- 
rone. 

4. Die gleichen retikuléren Nervenzellen 
konnen aktiviert werden sowohl durch senso- 
rische als auch durch chemorezeptorische 
Reize. Es existiert daher eine Konvergenz von 
exterozeptiven und interozeptiven Impulsen 
im Bereich der Retikularformation. 


5. Ein gentigend hoher COs:-Partialdruck 
im Blut ist notwendig um die Rinde zu be- 
fihigen, auf die retikulare Entladung zu ant- 
worten. Beim Normaltier und beim Menschen 
produziert die Hypoxie eine starke Atmungs- 
aktivierung, welehe zu Hypokapnie fiihrt. Es 
wird daher verstéindlich, dass unter diesen 
Bedingungen die durch die Hypoxie einge- 
leitete intensive retikulare Aktivierung nicht 
fahig ist, das Kortikogramm zu beeinflussen. 


6. Die initiale Rindenaktivierung welche 
der anoxischen Depression des Kortikogramms 
vorausliuft, muss unterschieden werden von 
der klassischen post-anoxischen Aktivierung- 
sphase. Diese zwei Typen von Rindenaktivier- 
ung obwohl ahnlich im Kurvenbild, werden 
durch verschiedene Mechanismen in Gang 
gesetzt. In der Tat findet man die retikulare 
Aktivitat vermindert wahrend der _post- 
anoxischen Rindenaktivierung. Andererseits, 
wenn man die Rinde vom Hirnstamm und 
Thalamus isoliert, so beobachtet man, dass die 
anoxische Depression der elektrischen Hirn- 
rindenaktivitat gefolet wird von einer be- 
trichtlichen Vermehrung der autorhythmi- 
schen Rindenaktivitit. Diese Phase postanoxis- 
cher kortikaler Erregungssteigerung ist 
identisch in der Latenz ihres Auftretens und 


in ihrem zeitlichen Verlauf mit der post- 
anoxischen Rindenaktivierung, wie man sie 
in einer ‘‘encéphale isolé’’ Préparation beo- 
bachtet. 
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INTRODUCTION 


It is the purpose of the present communication 
to draw attention to an EEG artifact that seems 
hitherto undescribed or at least unrecognised. Elec- 
troencephalographers are familiar with the potentials 
produced by rotational sliding of the eyeball in its 
socket. In comparable manner potentials are produced 
by rotational sliding movements between the scalp 
and the skull. These potentials are similar to the so- 
called ‘‘non-specific EEG response’’, ‘‘spike at the 
vertex’’ or ‘‘waking K-complex’’ (Davis 1939; Gas- 
taut 1953; Bancaud et al. 1953; Roth et al. 1956; 
Larsson 1956) and it will be pointed out that 
potentials of scalp movement must inevitably ac- 
company the ‘‘non-specific EEG response’’ on many 
occasions, if indeed the phenomena are not one and 
the same. 


MATERIALS AND METHODS 


The observations of principal interest were made 
on four volunteers capable of voluntary ear and scalp 
twitches. The results with all four were identical 
and similar to results produced with several other 
subjects whose scalps were moved manually. 

In these four individuals recordings were carried 
out, using, on different occasions, saline pad elec- 
trodes and stick-on electrodes. As the results were 
the same with each method, the potentials could not 
be attributed to rocking movements of the pad elec- 
trodes. The stick-on electrodes used were Ediswan 
silver cup electrodes, filled with electrode jelly and 
fixed with collodion in the normal manner to scalp 
which had been degreased with alcohol. On different 
occasions a six-channel and an eight-channel Ediswan 
electroencephalograph were used. Recordings were 
made with a pen gain of 7 mm. for a 50 yuV. signal, 
with time constants of 0.3 sec. 

Bipolar recordings were made both with eyes 
open and eyes closed and with various combinations 
of electrode positions. Except for a slight shifting 


1 The work described in this paper was done during, 
initially, a British Medical Association Research Scholarship, 
and later a Beit Memorial Fellowship for Medical Research. 


of the point of phase reversal from time to time 
in the same subject, results by all the methods used 
were entirely consistent. 


RESULTS 


It was found that when a subject gave a quick 
backward twitch of the ears (the scalp always moves 
simultaneously), a potential which varied in size 
according to the size of the twitch was produced. It 
was maximal in the midline, with a phase reversal 
at the vertex (see fig. 1). With leads linked to 
amplifier input connections in the conventional man- 
ner (Hill and Parr 1950) the main deflection was 
downwards from the front electrodes and upwards 
from the rear electrodes. However, quite often the 
main deflection was preceded and followed by deflec- 
tions in the opposite direction, the former being small 
and rapid, the latter larger and slower. Very small 
ear twitches caused large EEG deflections. Indeed, 
owing to the coarseness of voluntary control of this 
movement effected by ‘‘vestigial’’ muscles, it was 
difficult to make twitches with sufficient delicacy 
to produce a vertex potential of less than 50 yV. 


DISCUSSION 


These potentials are very similar to the ‘‘non- 
specific EEG response’’. Bancaud et al. (1953) con- 
sidered the question of whether the EEG responses 
they observed could be artifacts due to ocular move- 
ment, or electromyographiec potentials, but justifiably 
rejected such possibilities. The artifacts described 
in this paper cannot be so readily dismissed, for not 
only are they similar in appearance, but would be 
expected to occur simultaneously. 

Gastaut (1953) pointed out that the ‘‘spike at 
the vertex’’ was a component of the startle reflex 
(Landis and Hunt 1939). Among the components 
of this reflex is a very brief, widespread contraction 
of superficial muscles about the head and neck, the 
blink component of which is most obvious. Larsson 
(1956) showed that ‘‘latencies, stimulation thres- 
holds and frequency-sensitivities for both the non- 
specific EEG response and for the blink component 
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in the muscular startle reaction are, if not equal, at 
any rate of the same order’’ and both could occur 
as conditioned responses. 

Landis and Hunt (1939) studied the startle re- 
flex pattern with the aid of high-speed cinemato- 
graphy. They pointed out that a backward twitch 
of the ears and scalp was a constant feature of the 
mammalian pattern and were able to detect it in the 
human. They did not state its latency but it might 
be expected to be similar to that of movements caused 
by other superficial muscles (upwards of 20 msec. for 
the eye blink and 50 msec. for mouth widening). 

There are, therefore, grounds for believing that 
the backward twitch of the ears and scalp is the 
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2. The voltages are comparable, of the order of 
50-150 nV. 

3. The durations are comparable. Bancaud et al. 
(1953) give the duration of the EEG response ag 
80-400 msec. The deflections produced by voluntary 
ear twitches are of the order of 200-400 msec. for 
the main component. It is to be expected that the 
reflex twitch detected by Landis and Hunt with their 
high-speed cinematography would be more rapid. 

4, Surprise and increased intensity of stimulus 
(of any sense modality) enhance both the EEG re- 
sponse (Gastaut 1953) and the muscular startle pat- 
tern (Landis and Hunt 1939). 

5. The EEG response is enhanced on the spastic 
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record was taken with the eyes closed. 


eause of the ‘‘non-specific EEG response’’, which, it 
may be pointed out, has never been clearly demon- 
strated electrocorticographically. Detailed further 
resemblances between the two responses may be enu- 
merated. 

1. As shown in figure 1 the ear twitch produces 
EEG deflections similar in form and distribution to 
the non-specific EEG response, even including the 
small initial positive component emphasized by Roth 
et al. (1956). 
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Silver cup electrodes filled- with electrode jelly and fixed to the scalp with collodion were used. The 


S = scalp movement 
E = eye blink 


Note that the scalp movements cause artifacts with a phase reversal in the mid-line at the vertex. 
that the main deflection may be preceded and followed by lesser ones in the opposite direction. 


Note 


side in hemiplegia (Gastaut 1953) i.e. over the normal 
side of the brain. While this is hardly capable of 
satisfactory explanation if it is believed to have a 
cerebral origin, it could have been predicted if thought 
to be caused by a twitch, for the muscular startle 
pattern is enhanced on the spastic side (Landis and 
Hunt 1939). 

It may be proposed that the onus of proof must 
lie upon those who wish to continue to believe in the 
cerebral origin of the ‘‘non-specific EEG response’’. 
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Even could such proof be obtained it would still be 
necessary to show that many such responses were 
not distorted by the artifacts of scalp movement which 
would, at least sometimes, be expected to occur 
simultaneously. 

It should be borne in mind that Landis and Hunt 
(1939) adduced evidence for the mid-brain origin 
of the startle pattern, a source which has also been 
assumed for ‘‘non-specific EEG responses’’ (Larsson 
1956). 

Scalp movement can also produce, if slow, arti- 
facts like the K-complexes of sleep. There is patho- 
logical evidence that the latter are of intracerebral 
origin (Grossman 1949). It has also been claimed 
that they appear in subcortical recordings (Sem- 
Jacobsen et al. 1953). In one of the writer’s pa- 
tients, sleeping K-complexes were increased over a 
large, unilateral, skull defect, the edges of which were 
slightly adherent to the scalp. 

Roth et al. (1956) reported that in some stages 
of light sleep, neither the waking nor the sleeping 
K-complexes could be elicited. This could be inter- 
preted as indicating a different origin of the two 
forms of K-complexes. Furthermore, the main deflec- 
tion in the K-complex of sleep has a more anterior 
voltage peak than is the case with the ‘‘waking 
K-complex’’ (Roth et al. 1956). Finally, in contrast 
to the waking responses, the sleeping K-complexes 
have been reported as decreased on the side opposite 
to the hemiplegic side of the body (Grossman 1949). 
While there is no reason to question the intracerebral 
origin of the K-complex of sleep, unless those of the 
waking state can be studied in cases where the scalp 
is absent or immobilised, it may be suggested that 
no deduction can be drawn from them about cerebral 
function. 


SUMMARY 


Evidence is brought forward to indicate that the 
‘‘non-specific’? EEG response may be an artifact 
caused by the rotational sliding of the scalp on the 
skull which occurs as part of the startle reflex. 


I wish to thank Dr. V. H. Tompkins, Dr. Denis 
Williams, Professor R. C. Oldfield and Dr. P. Glees 
for their encouragement and for facilities. 
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ELECTROENCEPHALOGRAM IN CATAPLEXY ! 


Coin M. SmiTuH,? M.B. 
University Hospital, Saskatoon, Saskatchewan, Canada 


(Received for publication: July 27, 1958) 


In recent years there have been numerous EEG 
studies of the narcolepsy-cataplexy syndrome and 
large numbers of cases have been surveyed (e.g. Daly 
and Yoss 1957). It is surprising that few recordings 
of cataplectic attacks seem to have been made. 

Janzen and Behnsen (1940) reported on one ease. 
They were struck by the similarity of their patient’s 
EEG during normal sleep, narcolepsy, cataplexy and 
sleep paralysis. The patient described by Hess (1949) 
had nine ecataplectic spells while the electrodes were 
being applied; he was then sitting up and the EEG 
showed neither drowsy patterns nor any abnormality. 
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with apparently similar findings. Roth (1957) also 
obtained two recordings of cataplectic attacks and 
noted that evidence of drowsiness was present. Daly 
and Yoss (1957) on the other hand obtained alert 
patterns in their two cases of cataplexy. 

My own patient, a man of 46, had suffered from 
eataplectic spells for 15 years. He also had narcolepsy, 
sleep paralysis and sleep hallucinosis. During the 
EEG recording he had 4 typical cataplectic attacks 
each lasting about 30 sec. The attacks were ushered 
in by twitching of the facial muscles and arms fol- 
lowed in a few seconds by limpness. He remained 
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Fig. 1 
EEG during an attack of cataplexy. 


Later he had a number of attacks while lying down 
and drowsy patterns were then noted. Pond (1952) 
did not record a eataplectic attack but was able to 
obtain one in sleep paralysis: the EEG patterns con- 
tinued to be those of drowsiness and no specific 
change was noted. Roth (1957) and Daly and Yoss 
(1957) each obtained a recording in sleep paralysis 

1 Supported by National Health Grants, Ottawa, and the 
Rockefeller Foundation, under the auspices of the Saskatchewan 
Committee on Schizophrenia Research. 

2 Deputy, Director, Psychiatric Research, Department of 


Public Health, University Hospital, Saskatoon, Saskatchewan, 
Canada. 


conscious throughout. The EEG showed only changes 
due to muscle tension with a suggestion of light drow- 
siness (fig. 1). There was no specifie change. 


It seems, therefore, that no specific EEG ab- 
normalities have been found in association with the 
cataplectic attack and that drowsy patterns may, or 
may not, appear during it. The latter fact is not 
really surprising. Although consciousness is generally 
preserved in cataplexy, clinical descriptions suggest 
that it is often dimmed to a variable extent. Wilson, 
many years ago, remarked on transitions and substitu- 
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tions between narcolepsy and cataplexy, and pointed 
out that sleep may be associated with, or follow, 
the cataplectic state (Wilson 1928). 
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TEMPORAL POTENTIALS AND EYE MOVEMENTS 
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There have been several reports of 6-12 ¢/sec. 
brain waves which may be recorded from temple to 
temple across the head and which are independent of 
occipital alpha waves. Laugier and Liberson (1937), 
who were among the first to report such activity, 
noted that it was most conspicuous with a bitemporal 
electrode placement and that it was only slightly af- 
fected by opening or closing the eyes. Lindsley (1938) 
localized its probable source to the temporal areas of 
the brain. During an investigation of reading eye- 
movements, Kennedy et al. (1948) later found that 
brain waves were superimposed upon their recordings 
of the corneo-retinal potential. These brain waves, 
probably the same as obtained earlier by Laugier and 
Liberson (1937), were most conspicuous when the 
subject was engaged in intellectual activity and were 
called ‘‘kappa’’ waves. The properties of temporal 
activity have been further described by Brazier and 
Casby (1952). 


More recently Harlan, White and Bickford (1958) 
have suggested that movements of the eyes or flutter 
may be the source of these electroencephalographic 
waves. In support of this contention they have record- 
ed from electrodes mounted just above and below 
the lightly closed eyelids. In many of their subjects 
flutter increased with mental activity, thus mimicking 
kappa waves. It is the purpose of this note to com- 
pare simultaneously recorded ‘‘kappa’’ waves, eye 
and flutter potentials. It should be emphasized at 
the outset, however, that there are two important dif- 
ferences between the techniques of Kennedy et al. 
(1948) and Harlan et al. (1958). The first is that 
‘‘kappa’’ waves, as clearly stated by Kennedy et al., 
may be recorded when the eyes are open and fixated 
while flutter potentials are seen only when the eyes 
are lightly closed. Eye tremor during fixation has 
received rather detailed study (Riggs, Armington and 
Ratliff 1954; Ratliff and Riggs 1950), and is neither 
of the proper frequency nor amplitude to produce 
voltages likely to be confused with the ‘‘kappa’’ 
rhythm. The second difference is in the position of 
the recording electrodes. Kennedy et al. (1949a, 
1949b) as well as Laugier and Liberson (1937) and 
Brazier and Casby (1952) found the strongest poten- 
tials some distance behind the eyes while those of 
Harlan et al. (1958) increased as the electrodes were 
brought closer to the eyes. 


METHOD 


Two normal male subjects, whose EEG was re- 
ceiving more extensive analysis for other purposes, 
were used. Two bipolar pairs of silver - silver chloride 
electrodes were filled with salt jelly and attached to 
the skin with flexible collodion. One pair of elec- 
trodes, which will be referred to as the temporal pair, 
was attached to the opposite sides of the head 4 em. 
behind the external canthus of the eye on the line 
between it and the top edge of the pinna. The other 
set of electrodes was placed above and below the eye 
which was observed to have the more tremor. This 
is the location used by Harlan et al. (1958). The elec- 
trode above the eye was 0.5 cm. below the brow and 
5.5 em. away from the nearest temporal electrode. A 
ground electrode was attached over the left mastoid. 
Recordings were obtained with a Grass III-D electro- 
encephalograph. The signal appearing across the 
temporal electrodes was recorded both directly and 
also after treatment with a filter-scoring apparatus 
described elsewhere (Armington et al. 1958). 


The subjects were tested on two tasks: 1, counting 
from 1 to 10 repeatedly out loud, and 2, adding the 
number 27 cumulatively out loud (27 + 27 = 54, 
54 + 27 = 81, ete.). Recording was performed with 
the eyes open and fixated, with the eyes closed, and 
with the finger tips pressed over the closed eyelids 
so as to reduce movements of the globe. 


RESULTS 


Figure 1 shows sample recordings obtained from 
one of the subjects during this experiment. Data 
from the other subject was essentially the same. In 
each sector of figure 1 the upper pen-tracing shows 
the potential appearing across the eye. The three 
lower tracings record activity appearing across the 
temporal pair of electrodes. Of these three the lower 
tracing is the EEG appearing across the electrodes; 
the upper is the EEG after passing through a 6-12 
e/see. band-pass filter; and the middle is a signal 
marker pen which is deflected upwards whenever the 
filtered activity exceeds a 20 wV. amplitude. 

In the upper part of figure 1 records obtained for 
counting (left column) may be compared with those 
for adding (right column) for each of the eye condi- 
tions. When the eyes are open, adding produces an 
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increase in the temporal signals, but there is no 
detectable effect in the eye record. To be sure, oc- 
easional blink signals may be seen across the eye 
electrodes for both conditions, but these do not spread 
to the temporal electrodes. When the eyes are closed 
the adding task is accompanied by an increased out- 
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was dependent upon the status of the eyelids. There 
is no burst for burst association between kappa 
spindles and eyelid flutter potentials. The illusion 
of a cause-effect relation between eyelid flutter and 
‘*kappa’’ waves appears to be due to the dependence 
of both of these phenomena upon mental arithmetic. 
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Fig. 1 


Sample recordings obtained during the various tasks carried out during the experiment. Each record shows 
from top to bottom the eyelid response, the filtered signal from the temporal pair of electrodes, a_ signal 
marker triggered by the temporal EEG, and the unfiltered temporal EEG. The 50 uV. 8 c/sec. signal shown 


at the bottom was used for calibration. 


put both at the eye and at the temples. The eye signal 
is appreciably reduced when the eyes are stabilized by 
lightly holding the lids closed. The temporal record- 
ing, however, is not significantly altered. Thus, in 
all cases adding produced more activity at the tem- 
poral electrodes, but response at the other placement 


The lower part of the figure shows a recording of 
an eye oscillation which occasionally appeared with 
the lids closed, but which was independent of temporal 
potentials. It also shows the effect of grasping the 
lids. For this latter test the subject was adding with 
his eyes closed. At the point marked with an arrow 
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the subject himself held his eyelids. This greatly 
altered the character of the eye recording. Except 
for a transient intrusion of muscle potential, however, 
no change is discernable in the temporal record. 

The eye flutter potentials described in this note 
are essentially similar to those reported by Harlan 
et al. (1958) but apparently have no relation to the 
temporal EEG. It is concluded that eyelid flutter and 
kappa are two independent phenomena. 


SUMMARY 


Simultaneous recording from temporal electrodes 
and electrodes close to the eyes of two normal sub- 
jects indicate that the so called ‘‘kappa’’ rhythm is 
independent of eyelid flutter. 
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AN ADAPTABLE HEAD HOLDER FOR CATS 


V. B. Brooks, Ph.D., G. J. Winsspury, A.M.I.E. (Aust.) and N. A. JERNBERG 
The Rockefeller Institute for Medical Research, New York, U.S.A., 
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A simple head holder for cats has been developed 
that can be used in many kinds of experiments and 
that also forms part of a stereotaxic instrument. The 
basic unit consists of the frame, in which the head 
is held either by a Palmer head-holder, or by some 


by Allan screws. The lateral bars have diameters of 
5/16”, the anterior and posterior bars of 1”. The 
frame is supported by an arm that is clamped to a 
rigid post (1144” diameter), which is set in a heavy 
base. The frame is held level accurately at 90 degrees 


Fig. 1 
View of skull held in the head frame. Alignment bars for manipulator in place. 


other nose clamp, as well as by one set of bars fitting 
into the external auditory meati, and another bearing 
on the suborbital ridges. Figure 1 shows a skull held 
with the latter arrangement. The head frame consists 
of four stainless steel bars that are held together 


to the post by means of alignment pins through joints 
of the supporting arm with the frame and with the 
clamp on the post. The proximity of the ear-bars to 
each other is adjustable by means of the screws hold- 
ing them in the head frame. The holder gripping the 
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nose as well as the holders for the eye-bars are clamped 
to the anterior bar of the frame. The holders for 
the eye-bars consist of aluminum pieces into which 
fit the eye-bars proper (3/16” diameter), the lower 
surfaces of which are level with the zero plane of 
the frame. Adjustments in the anterior-posterior di- 
rection are made by sliding the bars relative to the 
clamps, and fixing them with thumb screws. Lateral 
adjustments can be made by movement of the clamps 


V. B. BROOKS, G. J. WINSBURY and N. A. JERNBERG 


rack-and-pinion movements that are so clamped to- 
gether as to give mobility in three dimensions, but 
that can also be moved as one unit anterio-posteriorly 
along the grooved support arm that is clamped to the 
post. The unit is shown in figure 1. 

To place an electrode stereotaxically in the brain, 
the manipulator has to be aligned in relation to the 
head-frame. Horizontal alignment of the manipulator 
is assured by the placement of alignment pins through 


} 


Fig. 2 
Alignment bars removed. Manipulator, microdrive, and microelectrode holder in place. 


along the anterior bar of the frame. Their align- 
ment is assured by their fit into a groove on the 
anterior aspect of that bar to which they are fixed 
with thumb serews. The skull thus pivots about the 
ear-bars and is held firmly 
and a noseclamp or a stabilizing bar pressing against 
the roof of the mouth. 

The needle or instrument to be placed in the brain 


is held by an assembly of three heavy, graduated, 


between the eye-bars 


clamps and bars, as well as by grooving of the mani- 
pulator support arm. The simple fixture used to align 
the two parts in the anterio-posterior and lateral 
directions is also illustrated in figure 1. A slab of 
aluminum with two aligned upright brass bars upon 
it is serewed to the posterior end of the head frame. 
A horizontal test bar, inserted into the manipulator 
support arm, is then brought against the uprights, and 
the position of the manipulator is adjusted until the 
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horizontal test bar touches both test uprights. The 
clamp holding the manipulator to the support post is 
then tightened, and the horizontal bar as well as the 
slab with the vertical test bars are removed (fig. 2). 
The unit is then ready for stereotaxic work. Co- 
ordinates are read on the graduations of the man- 


when the head is held with a modified Palmer holder. 
The edges of the scalp have been sutured to a metal 
ring that is held on the posterior bar of the frame, 
thus forming a pool of mineral oil to cover the 
exposed brain. Electrodes are held in adjustable, 
finger-tight, universal joint holders, that can be moved 


Fig. 3 
Cat held by modified Palmer holder in head frame. Manipulator removed. 


ipulator, ‘‘zero’’ having been established carefully 
beforehand. 

For non-stereotaxic experiments it is often con- 
venient to remove the alignment pins that fix all com- 
ponents at right angles, so that individual adjustments 
of angles can be made. One advantage of the head 
frame is the ease with which accessory equipment can 
be mounted upon it. Figure 3 shows a cat in position 


in three dimensions by small rack-and-pinion move- 
Six holders can be easily accommodated on 


< 


ments. 
the head frame. 


SUMMARY 


A simple head holder for cats is deseribed that 
can be used both for stereotaxic and for non-stereo- 
taxic experiments. 
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A NEW CONTACT ELECTRODE FOR ELECTRORETINOGRAPHY 
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The problems of ERG recording include in the first 
place the choice of a convenient contact electrode. 
Many investigators have occupied themselves with 
this question. At the present time there are two 
principal types of electrodes used, the first being 
derived from d’Arsonval’s electrode (used by Adrian 
1945; Monnier 1945; Wirth 1951 and Gurewitch 
1957), the second from the original type of Riggs 
(1941) and Karpe (1945), which are contact lenses 
filled with isotonic saline. A similar type of electrode 
is employed by Henkes (1951), Vanysek (1954) and 
Schmoger (1956); the most perfect was constructed 
by Burian and Allen (1954). 

A considerable disadvantage of contact lenses fil- 
led with saline is the difficulty of adjusting the glass, 
to avoid the possibility of formation of air bubbles 
which distort the record (Karpe 1948; Vanysek 
1954). This is diminished by Jacobson’s contact lens 
fitted with two tubes which permit filling with saline 
even when the subject is in the prone position. With 
this arrangement it is still not possible to avoid the 
formation of a bubble during a protracted examina- 
tion. In certain circumstances (e.g. examination of 
adaptation) it is impossible to ensure perfect filling 
of the contact lens. Burian and Allen recommend 
the use of methylcellulose for this purpose. 

Another important disadvantage of contact lenses 
is the impairment of tissue respiration, to the dis- 
comfort of many patients, especially during a longer 
examination. Last, but not least, the contact lenses 
change the refractive power of the eye, this circum- 
stance being not irrelevant to the final evaluation 
of the ERG curve (Vanysek 1957). 

For these reasons the authors have constructed 
a new type of contact electrode for ERG recording 
(fig. 1 A, B). The electrode is a convex ring applied 
to the sclera, the corneal surface remaining free. We 
use three different sizes corresponding to the most 
frequent radius of sclera so that the lens fits well. 
Two concentric rings of silver wire inserted in the 
coneavity of the lens are connected to the pre- 
amplifiers of the EEG apparatus. In this way, two 
different ERG records, one from the corneal limbus 
and the second one from the sclera are obtained 
(fig. 2). 

For the commonly used size of electrode the radius 
of curvature of the scleral part is 12.5 mm. and its 


diameter 22.0 mm. The radius of the corneal part 
is 7.0 mm. and its diameter 13.2 mm. The diameter 
of the corneal opening is 9.0 mm. The embedded 
silver rings are 18 and 11 mm. diameter and they are 
made of chemically pure silver 0.3 mm. thick, embedded 
to the depth of 0.2 mm. The material employed is a 
methacrylate resin 0.5 mm. thick. 

The electrode is applied after the previous local 
instillation of 4% per cent Diocaine by simply sliding 
it under the lids. During the application the operator 
controls the electrode by holding the projection in 
which the leads are led out; when the examination is 
finished, it is removed in a similar way; the electrode 
can be used on either the right or left eye. After 
use the electrode is cleansed with soap and water 
and before the next application it is rinsed with 
mercury oxyeyanate and saline. Our material is not 
affected by these solutions. 

For recording the ERG we use the eight channel 
ink-writing Reega VIII, EEG apparatus. Like Schmé- 
ger (1956), we join the photo-cell to the first and 
the fourth channels. Two standard EEG electrodes 
are used, one as an indifferent electrode on the supra- 
orbital area and the second on the vertex as the ground 
(fig. 3). The ERG from the cornea is recorded on 
the second channel, the ERG from the sclera on the 
third. 

The electrode described has two main advantages, 
namely, the corneal surface being free during the 
examination and the possibility of simultaneous re- 
cording of ERG’s from two different points of the 
eye. This circumstance is very important for the 
evaluation of the record, the ERGs being different in 
diverse parts of the eye (Sundmark 1955). Under 
normal conditions we are not able to avoid some 
displacement of the electrode by blinking or by move- 
ments of the eye, which may cause distortion of the 
record. The simultaneous recording of curves from 
two different points diminishes the importance of 
this effect, because calculation of the mean yalues 
makes the data about the characteristic parts of ERG 
curve more precise. 

Another advantage of our electrode is simple mani- 
pulation, filling with saline being unnecessary. The 
patients do not feel any discomfort and do not com- 
plain even during a long examination. No signs of 
serious irritation or damage to the eyes have been 
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observed. We must admit — and this is perhaps the 
experience of every worker in this problem — that 
there are patients whose great sensitivity makes ERG 
recording very difficult or impossible. In such eases 
it was not possible to obtain perfect records even 
with the new type of electrode, but we were able to 
record an ERG at the second or third attempt. 


With the technique described about 3000 ERG’s 
have been obtained from both normal and pathological 
eases (in 58 subjects). Our method is very convenient 
for routine clinical examination. 
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SUMMARY 


A new simple type of contact electrode for ERG 
recording has been described. The electrode, which 
leaves the corneal surface free, enables simultaneous 
recording of two curves from different parts of the 
eye. The properties and advantages of this arrange- 
ment are discussed. 


For technical assistance and photographic records 
we are indebted to Mrs. I. Kalistové and Mr. V. Maka. 
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AN EXPERIMENTAL EEG FUNCTION GENERATOR 1 


Epwin CARL LOWENBERG, Ph.D. 
Electrical Engineering Department, State University of Iowa, 
Iowa City, Iowa 


(Received for publication: July 14, 1958) 


Because the analysis of a large number of samples 
of EEG signals indicated that these are similar to 
band limited noise signals, a generator was developed 
to synthesize EEG signals. The first model consisted 
only of the basic noise generator and several stages 
of amplification. External filters were used to limit 
the noise spectrum as desired. Because of the useful- 
ness of this type of generator, the present model was 
built with the filters on the same chassis to make a 
complete unit. 

A circuit diagram of this experimental EEG func- 
tion generator is shown in figure 1. The basic gen- 
erator circuit involves a 6D4 gas triode connected as 


circuit coupling problems. Each filter section consists 
of a one megohm resistor and a capacitor chosen by 
the setting of the selector switch in that particular 
circuit. The values shown on the diagram for these 
filter capacitors were somewhat arbitrarily chosen 
and can be changed as desired. The output of the last 
filter section is applied to another amplifier stage 
through a gain control which is part of one of the 
high pass filter sections. The extra gain control is 
used to compensate for the change in signal level as 
the bandwidth of the generated spectrum is changed. 
The average signal level drops as the frequency spec- 
trum of this generated signal is reduced. 
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a diode to generate a noise signal. The spectrum of 
this signal includes the entire audio range but the 
desired frequency spectrum involves only the lower 
audio frequency spectrum and the sub-audio frequency 
spectrum. The noise signal is applied to an amplifier 
and is then directly coupled to high pass and low 
pass sections using only passive circuit elements. The 
filter sections are isolated from each other by cathode 
followers and are arranged as shown to minimize the 


1 This work was supported in part by the Department of 
Psychiatry, State University of Iowa, and in part by U.S. 
P.H.S. Grant M-675. 


A band pass filter (resonator) follows this ampli- 
fier stage. This filter uses a phase-shift oscillator 
circuit. Care is required in the design and the adjust- 
ment of this filter because of the active circuit ele- 
ment (6AU6 tube). The selectivity of this filter 
changes if the gain of the 6AU6 tube varies. Such 
variations are minimized by power supply regulation. 
The selectivity and the center frequency of this filter 
can be adjusted over a limited range. The selectivity 
is varied by adjusting the 50K potentiometer in the 
plate circuit of the 6AU6 tube. The selectivity is 
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rather low and even in the maximum selectivity posi- 
sion, the circuit will not oscillate with the values 
shown. However, the 33K resistor in the plate circuit 
of the 6AU6 tube can be changed to provide a dif- 
ferent selectivity range. The center frequency of this 
filter can be changed by adjusting the three-gang 
250K control in the phase shifting network. The fre- 
quency range covers approximately the alpha range 
of the EEG frequency spectrum (8-13 ¢/sec.). The 
frequency range can also be changed by either chang- 
ing the 0.01 yf capacitors or the 330K resistors in 
the phase-shift network. The same values should be 
used in each position so the network is uniform. The 
selectivity will vary somewhat as the frequency is ad- 
justed but because the selectivity is low, this factor 
does not justify the added inconvenience of making 
the adjustments independent. 

The output circuit for this unit involves a cathode 
follower with a selector switch in its grid circuit. 
The selector switch may be set to connect the output 
circuit to the noise signal at the output of the first 
amplifier stage, the filtered noise signal at the output 
of the second amplifier stage, or the output of the 
band pass filter. One section of a 12AU7 tube is 
used as the cathode follower which provides a single- 
ended output. The other 12AU7 section is used as a 
phase inverter to provide an outlet balanced with re- 
spect to ground. This unit is used mostly with a 
Grass Model III Electroencephalograph so that no 
isolating capacitors are needed in the output circuit. 
As usually used, the output of the phase-inverter is 
connected directly to the EEG power amplifier input. 

The power supply is a conventional type using gas 
tubes for voltage regulators and the entire unit is 
operated from a constant-voltage transformer tc 
stabilize the heater voltage when the output of the 
generator is taken from the band pass filter. The 
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power transformer used in this model has a 650 V. 
high voltage winding. The 1.5K, 10 watt resistor in 
the power supply may need to be changed if a trans- 
former with a different high voltage winding were 
used. This resistor should have a value so that the 
gas regulator tubes are operated within their range 
of optimum operation. In this particular model, a 
6X5 rectifier was used because of the available trans- 
former but any power supply using other appropriate 
components would be equally satisfactory. 

There are several things which should be kept in 
mind if a similar generator is built. Because of the 
characteristics of noise signals, the amplifiers should 
not overload at signal levels which are about ten 
times the average signal level. This is the reason for 
having several gain controls in this unit so that over- 
loading can be avoided at all times. It may be neces- 
sary to select 6D4 tubes so that the generated fre- 
quency spectrum includes the lower frequency part of 
the spectrum. 

This function generator has been used in exper. 
imental work involving the analysis and the synthesis 
of EEG signals. Figure 2 shows a photograph of 
samples of real EEG signals and signals from this 
generator. This set of samples has been chosen to 
demonstrate the similarity between a physiologic EEG 
recording and signals synthesized by this generator. 
The band pass filter can be used to limit the spectrum 
to the alpha band while the high and low pass filters 
ean be used to limit the noise signal spectrum to 
resemble other types of EEG signals. This model has 
only one band pass filter but others can be added if 
desired. This generator has been found especially 
useful in the synthesis of signals having known sta- 
tistical characteristics which, when applied to EEG 
analysers of various kinds, permits an objective assess- 
ment both of their utility and their shortcomings. 


< 


Reference: LOWENBERG, E. C. An experimental EEG function generator. HEG Clin. Neurophysiol., 1959, 11: 
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A PROCEDURE FOR PREPARING A MULTIELECTRODE LEAD 
FOR INTRACEREBRAL RECORDINGS 1 


GIAN EMILIO CHATRIAN, M.D., CLetus S. PoLLAcK and MaGnus C. PETERSEN, M.D. 
Rochester State Hospital, Rochester, Minn. 


(Received for publication: July 31, 1958) 


The features of a multielectrode lead used for 
intracerebral recordings in human patients have been 
described in a previous article (Chatrian, Dodge, 
Petersen and Bickford, in course of publication). The 
present note deals with the procedure followed at the 
Rochester State Hospital in preparing such leads. 


WIRE AND WINDING MACHINE 


According to the previous description, our depth 
leads are made of 7 or 13 strands of type 3162, 40 
(77.5 uw, 0.0031 in.) or 42-gauge (62.5 yp, 0.0025 in.) 
stainless steel wire 2 covered by quadruple formvar 
insulation.4 The various strands which compose the 
lead are wound together in a shaft by means of a 
winding machine5 (fig. 1) which consists of an alu- 
minum base 91.4 em. long (36 in.), 15.2 em. wide (6 
in.) and 2.5 em. high (1 in.). At the right end of 
this base is mounted an AC operated gear motor 6 
(A)7 which drives a brass winding arm (B) through 
the reduction gear. The rotatory speed of this arm 
is 400 r.p.m. The number of revolutions during a 
given period of time is indicated by a counter (C). 
The winding arm is provided, left to right, with a 
strand lock (D), a strand separating edge (E) with 
13 slots, and a strand supporting bar (F) with two 
central vertical guiding pins directed respectively up- 
ward and downward (G). 

On the aluminum base below the guiding arm is 
a cutting guide (H) represented by a white phenolic 
plastic sheet. Thirteen black lines 6.5 mm. apart, 
numbered from right to left, are etched on this guide 
perpendicular to the winding arm. 

At the left end of the metallic base a sliding 
board (I) is mounted. This consists of an aluminum 
plate which slides in a track (J) 4.8 em. (1% in.) 
above the base. On this plate are mounted two side 
brass rails (K) across which an aluminum strand 
support bar (L) may be moved and secured by means 


1 This study was supported in part by a research grant 
from the Minnesota Department of Public Welfare. 
2 The type 316 stainless steel is a chromium (16-18 per 
cent), nickel (10-14 per cent), molybdenum (2-3 per cent) 
stainless steel which is particularly resistant to attack by 
most chemicals. 
- 3 Supplied to us by the Driver Harris Co., Harrison, New 
ersey. 
4 The formvar is a thermoplastic (synthetic) enamel. 
5 Manufactured by the Arkay Co., Rochester, Minnesota. 
Its design is a modification of an earlier original model built 
by the Engineering Section of the Mayo Clinic. 
a 2 Manufactured by Gleason Avery, Inc., 
ork. 
7 This and other letters used are the ones on the figure. 
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of a thumbscrew. At the center of the bar are two 
vertical pins (M), 1 mm. apart. A locking plate (N) 
may be secured over them by means of a thumb- 
screw. On the aluminum plate, between the two side 
rails, a cutting guide (O) made of white phenolic 
plastic is mounted. Thirteen black lines, 1 cm. apart 
and numbered from left to right, are etched on this 
guide perpendicular to the side rails. The spaces 
between the black lines are divided, into halves by 
red lines. At the left extremity of the cutting guide 
is an aluminum strand separating edge (P) with 13 
numbered slots. Three strand locks (Q,, Q. and Qs) 
are mounted near the edge of the cutting guide. The 
machine is completed with a sliding board lock (R) 
represented by a pin which may be inserted into a 
hole going through both the sliding board and its 
track, thus locking the board in place. A spring (S) 
keeps the sliding board under adequate tension during 
the winding operation when the lock (R) is removed. 


MAKING THE DEPTH LEADS 


The procedure followed for making our multi- 
electrode depth leads may be described as consisting 
of seven steps: (1) threading and winding the wire; 
(2) cutting the strands at the left end of the 
machine; (3) winding the strands at the left end 
of the machine; (4) making the terminal coil; (5) 
cutting and stripping the strands at the right end 
of the machine; (6) testing the finished leads, and (7) 
coding the finished leads. 

Step 1. Threading and Winding the Wire. First 
the caps of the locks Q,, Q. and D are removed along 
with plate N. Then the sliding board I is secured 
with pin R. The bar L is fixed by means of its 
thumbscrew in the position required by the number 
of strands in the lead. When a seven-strand lead is 
desired, the bar L is secured in a position in which 
the left edge corresponds to line 10 of the cutting 
guide. When a 13-strand electrode is wanted, bar 
L is fixed at the right extremity of the guide. 

The loose end of the wire from the supply spool is 
secured to lock Q,; then the wire is passed through 
a series of points, namely: slot 1 of edge F; the 
space between pins M; the upper pin G of the winding 
arm (side nearest the operator); slot 1 of edge E; 
slot of lock D; slot 13 of edge E; lower pin G (side 
farthest from the operator); again the space be- 
tween pins M; slot 13 of the edge of P and the 
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lock Q,. At this point the wire is back to the left 
side of the machine where the procedure was initiated. 
This procedure is repeated in the same manner utiliz- 
ing each time the outermost available slots of edges 
E and P so that the center of both the strand- 
separating edges is gradually approached. When the 
correct number of strands is reached (seven or 13), 
the wire coming from slot 4 or 7 of edge P is secured 
to lock D. At the end of this procedure the cap of 
lock Q. is replaced and also the plate N is screwed 
to bar L. It will be noticed that the lock Q; has not 
been used in this procedure. Some operators, partic- 
ularly if left-handed, may find it easier to start the 
threading operation from this point. 

The pin lock R is removed so that only the tension 
of the spring S holds the strands taut. Then the motor 
A is switched on by means of a foot switch and allow- 
ed to run for approximately 110 revolutions indicated 
by the counter C. As a result of this operation the 


strand) is brought back and taped to bar L to be 
used later for making the terminal coil (step 4). The 
stripping process of the remaining strands is then 
started with plate N tightly in place. This procedure 
removes the formvar insulation from the ends of the 
strands for a length of approximately 1 mm. This is 
done by dipping vertically the end of each strand 
separately in a liquid solvent (stripvar1) placed in 
a small container 1 mm. in depth. After the strand 
is removed from the liquid, the solvent is allowed to 
remain on the wire until the coating disintegrates. 
Then the solvent and coating are wiped off with a 
soft paper. It will be found that the insulation at 
the end of the strand has been completely removed 
leaving a clean shiny surface. The bared extremity 
of each strand provides electrical contact with the 
brain tissue and represents an electrode. 

Step 3. Winding the Strands at the Left End of 
the Machine. While all the strands at the left end 


Fig. 1 
Winding machine. See text for explanation of letters. 


strands are wound tightly in a smooth shaft between 
the pins G, and G, and the pins M, and M,. From 
these points they diverge and reach the corresponding 
edges E and P. 

Step 2. Cutting and Stripping the Strands at the 
Left End of the Machine. After the winding, the 
strands are cut at the left end of the machine with 
a small pair of scissors. The strand nearest the 
operator is cut closely to lock Q,. The next strand 
nearest the operator is cut in correspondence to line 
1 of the cutting guide O. The remaining strands are 
cut in correspondence to lines 2, 3 and so forth, pro- 
ceeding from left to right, so that their ends will be 
1 em. apart. If a smaller interval is desired, the red 
lines on the cutting guide O may be used in conjunc- 
tion with the black lines to give 0.5-em. spacing. 

When the cutting is complete at the left end of the 
machine, the strand nearest the operator (the longest 


of the machine are held under tension with one hand 
to avoid twisting and kinking, the plate N is removed 
with the other hand. The motor is then started again 
and the loose ends of the strands are guided by the 
operator’s fingers so that they are smoothly wound 
to complete the solid shaft. 

Step 4. Making the Terminal Coil. The shaft then 
is clamped to bar L by means of plate N in such 
a manner that the end of the next to the longest 
strand is at the left edge of bar L and the longest 
strand protrudes from it. The longest strand is 
stripped of insulation from the end to 2.7 em. from 
the left edge of the bar. The bared extremity of this 
strand is wrapped loosely with 12 turns around a 
stilet, 0.56 mm. in diameter, held perpendicular to it. 
Then, while the operator holds the loose end of the 


1 Supplied by Walsco Electronics Corporation, Los Ange- 
les, Calif. 
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strand with one hand, with the other the stilet is 
twisted clockwise toward the bar L; twisting is 
stopped when the stilet is 0.9 em. from the bar. These 
distances are indicated on our machine by a marked 
strip of tape on the cutting guide. During this 
operation, proper maneuvering of the stilet and ade- 
quate tension of the wire produce a tight, closely 
wound uniform coil1 about 1 mm. in length. The 
stilet is then rotated about 90 degrees so that the 
eoil and stilet lie parallel to the lead. At this point 
it will be noticed that the lower end of the coil is 
approximately 1 em. from the upper electrode and 
that it includes about 1 to 2 mm. of bared wire. 
Finally the stilet is removed, and the excess wire from 
the coil is cut under a magnifying glass with the ac- 
curacy necessary to prevent any sharp projections. 

Step 5. Cutting and Stripping the Strands at the 
Right End of the Machine. Next the ends of the 
strands on the right end of the machine are cut by 
following guide H. The strand nearest the operator 
is cut in correspondence with line 1, the next nearest 
in correspondence with line 2, and so on, proceeding 
from right to left. Therefore, the ends of the various 
strands will be 0.65 em. apart, and the strand that 
is the longest at the left of the winding machine is 
also the longest at the right end of the machine, while 
the one which is the shortest at one end is also the 
shortest at the other. The different lengths of the 
strands will provide identification of them when 
they are implanted within the brain. 

After the strands on the right end of the machine 
are cut, their ends are stripped with stripvar for 
approximately 1.3 em. (0.5 in.). This end of the 
strand will be utilized for connection with the wires 
coming from receptacles. 

Step 6. Testing the Finished Leads. The finished 
submitted to two tests: a ‘‘dry test’’ 
The dry test reveals the existence 
These 


leads are 
and a ‘‘wet test’’. 
of electrical short circuits between 
may be provoked by accidental damage to the in- 
sulation during preparation of the leads. The loose 
ends of the strands of each lead are connected to 
clip terminals of a selector switch which is in series 
with a neon light. The AC line voltage (117 volts) 
is used as the test voltage. The lead is left in the 
open air so that no conduction can occur between elec- 
trodes. If a short exists between strands, this closes 
the circuit which causes the neon light to glow. The 
lead is therefore discarded. 

The wet test measures the interelectrode 
pedance in a 0.9 per cent solution of sodium chloride. 
The loose ends of the strands of each lead are con- 
nected to the clip terminals of a selector switch. By 
means of this switch a testing current is passed be- 


strands. 


im- 


1 This coil is not used as an inductor but as a device 
for the process of lead implantation into the brain. 
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tween adjacent electrodes. The current is represented 
by the short bi-phasic nonpolarizing pulses described 
by Lilly and associates (1955) and modified by 
Hughes and Mazurowski (1958) using a repetition rate 
of 180 pulse-pairs per second. Voltage and current 
(voltage drop across a 100-ohm resistor) are monitored 
on a single beam cathode-ray oscillograph (Tektronix 
type 532 with type 53/54 C dual trace plug-in pream- 
plifier). The current is kept constant by manual ad- 
justment (usually 40 wA from baseline to positive or 
negative peak) so that only the voltage varies in 
relation with the impedance values. With our elec- 
trodes this usually measures between 4 and 12 kilo- 
ohms. When an impedance higher than 15 kilo-ohms 
is found, the lead is discarded. 

Step 7. Coding the Finished Leads. While the 
single strands in each lead are reeognized, as de- 
scribed above, on the basis of their length, the various 
leads are identified by means of numbers indicated 
by small colored bands ealled ‘‘lead identification 
marks’’, the first being painted approximately 12 
em. from the upper end of the lead. For this purpose 
yellow, green, blue and red corrosion-resistant plastic 
paint (tygon2) is used. Yellow signifies number 1; 
green, number 3; blue, 5 and red, 10. Proper com- 
bination of these colors will give the desired number. 
For example, the lead number 9 will be coded with 1 
blue, 1 green and 1 yellow band. These bands are 
separated by white bands whose only purpose is to 
show clearly the difference between the various colors. 

Another identification mark usually needed is the 
‘“depth identification mark’’ which is represented 
by a small white band whose lower edge is placed 
exactly at 15 em. from the lower end of the terminal 
coil. Referring to this mark, the surgeon will know 
during the implantation procedure the length of the 
lead introduced within the brain tissue. 

For storage purposes each lead is placed in a 
glass tube, 0.4 em. in diameter and about 47 em. in 
length, which is numbered corresponding to the 
identification number of the lead by means of num- 
bered adhesive tabs.3 


CONNECTING THE DEPTH LEADS 


For recording purposes the strands of each lead, 
whose bared lower tips represent the electrodes, must 
be connected at their upper extremities to some simple 
devices providing rapid connection to, and disconnec- 
tion from, the input of the EEG machine. This 
operation may be done before or after the implanta- 
tion of the leads in the depth of the brain. The con- 
necting operation is preceded by the preliminary work 
of wiring the receptacles used for such connection. 


2 Paint supplied by U.S. Stoneware Plastics and Synthe- 
tics Division, Akron 9, Ohio. 
3 Supplied by W. H. Brady Co., Milwaukee, Wis. 
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Therefore, two steps must be described for the pro- 
cedure of connecting the depth leads: (1) wiring the 
receptacles, and (2) connecting the receptacle wires 
to the strands of the depth leads. 

Wiring the Receptacles. When the seven-electrode 
leads have been implanted, they are connected to 21- 
contact miniature receptacles.1 The 21 contacts are 
divided into three groups following the lettering code 
printed on the receptable. In each group the con- 
tacts are numbered from 1 to 7. The corresponding 
pins are soldered to stranded silver wires covered by 
colored plastic insulation? following the RETMA 3 
color code. The loose ends of the wires in each group 
of seven wires are cut at different lengths, about 
0.65 em. apart, to match the length of the various 
strands of the lead to be connected to them. In other 
words, the longest wire of the group is connected to 
the shortest strand of the lead, and the shortest to the 
longest. The plastic insulation is removed for about 
8 mm. (% in.); the silver strands are twisted tightly, 
and then tinned with radio solder. 

Connecting the Receptacle Wires to the Strands 
of the Depth Leads. The leads emerging from the 
patient’s bandage are identified by means of their 
color code. Following this, the strands of each lead 
are connected to the matching wires of the receptacles 
by wrapping the bared end of the strand around the 
tinned end of the silver wire. A solderless terminal 4 
2.1 mm. (0.082 in.) inside diameter, covered by 
plastic insulation, from which the terminal lug has 
been removed, is inserted over this twisted connection 
and clamped tightly with pliers. The connections be- 
tween the strands of each lead and the corresponding 
receptacle wires are finally taped together with 
plastic electrical tape. Three seven-electrode leads 
will be connected in this way to the same 21-contact 
receptacle. 


1 Supplied by Winchester Electronics, Inc., Norwalk, Conn. 

2 Supplied by Grass Instrument Co., Cambridge, Mass. 

83 Radio Electronics Television Manufacturers’ Associa- 
tion. 

4 Supplied by American Pamcor, Inc., Havertown, Penn. 


The receptacles are left in the bandage as long 
as the leads are left within the brain tissue. When 
a recording is desired, the receptacles are connected 
to the corresponding 21-contact miniature plugs5 at 
one end of a cable which at the other end establishes 
connection with a rectangular selector 6, in turn con- 
nected to the input of the EEG machine. 


When a recording in the operating room is desired, 
each seven-electrode lead is connected to a_ seven- 
contact miniature receptacle preceding the operation. 
The various leads with their receptacles and a cable 
extension are autoclaved. This will provide direct 
connection with the input cable of the EEG machine 
in the operating room. 


When 13-electrode leads are used, 26-contaect min- 
iature receptacles and plugs are utilized following a 
procedure similar to the one described for the seven- 
electrode leads. For recordings in the operating room, 
14-contact miniature receptacles and plugs may be 
used. 


SUMMARY 


The procedures followed at the Rochester State 
Hospital for making and properly connecting the 
multielectrode leads used in patients for intracerebral 
recordings have been described in this note. 
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In many types of oscillograph recording using the 
Grass Model C-4-D kymograph camera, it is often 
necessary to photograph data which occur over extend- 
ed time intervals, as, for example, in ocular electro- 
myography. If the investigator wishes to index these 
events, he must write upon and photograph a data 
plate. This is a cumbersome and time consuming 


Fig. 1 
Side view of indexer atop Data Assembly. 


procedure and may not be accomplished in time to 
capture a wanted signal. Alternatively, one may 
photograph the data plate a given number of times 
for each event and record this number on his opera- 


1 Studies conducted under grant No. B-911 (C2) of the 
National Institute of Neurological Diseases and Blindness. 


tions sheet; however, inaccuracies in photography 
make these difficult to correlate with the written 
notes taken during the live recording. Another means, 
suggested by the Grass Company in their instruction 
manual, is to place a Veeder Root counter off to the 
side of the oscilloscope face, reflect a strobe lamp 
onto this counter, and trigger it by means of the 


Fig. 2 
switch positioning and high voltage line 


Top view, showing 
from oscilloscope. 


camera’s synchronous shutter and relay outputs. But 
this is a delicate job, fairly expensive and prevents 
the use of these outputs for other purposes. It would 
be desirable, therefore, to have an inexpensive, simple, 
rapid and accurate means of indexing film strips by 
providing a number between them. 


A means was devised for putting a code number 
before each recorded trace by using a ‘‘ Nixie’’ tube 
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Fig. 3 
Interior underside view, showing position of ‘Nixie’ 


and incandescent bulbs. 


#6844A and a simple, single pole, eleven position 
non-shorting rotary switch. The ‘‘ Nixie’’ is a numer- 
ical indicator tube recently produced by the Bur- 
roughs Corporation and now used extensively in volt- 
meters and various counter systems. 


In the present application, the 10 tube grid pins, 
(corresponding to the numerals 0 through 9), are 
connected to 10 switch positions; the anode pin, with 
suitable resistance, goes to a 400 Volt D.C. tap off 
the nearby oscillograph power supply. The negative 
return from the scope is connected to the isolated side 
of the data card assembly’s shutter, and the other 
side of this synchronous shutter runs up to the switch 
pole. The remaining switch position is for ‘‘off’’. 
The entire apparatus easily mounts on top of the 
Grass data card assembly without disturbing the 
incandescent bulbs already there or interfering with 
their normal operation of illuminating a milk-glass 
name or data plate, and the inverted indicator tube 
remains in fixed placement of relatively good focus. 

This circuit thus enables the operator to merely 
switch the camera to ‘‘frames’’ position, select a 
code numeral and press the shutter release. The 
‘*Nixie’’ will flash on and off in synchronous action 
with the shutter opening which is set to the slowest 
speed (1/10 sec.). 

In addition, by adding one pole and one position 
more to the switch, the existing pilot bulbs can be 
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Fig. 4 
Schematic diagram of switch including extra position and pole. 


turned on and off also — the new switch replacing 
the present slide type. 

Since these indicator tubes do not produce an 
intensity comparable to a white light bulb, care must 
be taken to eliminate all ambient light, reflections 
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Fig. 5 
Print of film strips showing how numerals photograph. 


and excess glow from the CRT. Even with film that 
is insensitive to red light, excellent results are obtain- 
able. It might be necessary, however, to set the syn- 
chronous shutter to ‘‘bulb’’ position in order to 
extend the time slightly. 


As shown by the accompanying photographs and 
diagram, the complete unit is compact, flexible and 
greatly simplifies the heretofore laborious task of 
coding moving film recordings. The cost of the 
apparatus totals under $15. 


Reference: YORK, I. and BREININ, G. M. Coding film recordings with the Grass kymograph camera. EEG 


Clin. Neurophysiol., 1959, 11: 362-364. 
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SOCIETY PROCEEDINGS 


THE NORWEGIAN EEG-SOCIETY 
1957-1958 


Secretary: ARNE LUNDERVOLD 
Rikshospitalet, Oslo, Norway 


1. Electrophysiological studies of the hippocampal 
commissure. —— PER ANDERSEN. 


The hippocampal commissural impulses of the 
CA1 and the CA3 fields have been studied with the 
evoked potential technique. Within these fields a 
definite point to point localization exists between the 
symmetrical areas on the two sides. The CA1 neurons 
are activated by way of the apical dendritic shafts. 
This is in accordance with the histologic findings of 
Blackstad (J. comp. Neurol., 1956, 105: 417-537). The 
afferent commissural volley elicits a synaptic po- 
tential in the apical dendrites. Above a certain 
threshold this potential gives rise to a spike. The 
usual CA3 commissural response consists of a diphasic 
spike followed by a negative wave. The spike is due 
to impulses travelling in commissural fibres within the 
adjacent fimbria, whereas the negative wave re- 
presents a synaptic potential in the basal dendrites. 
This potential may also initiate a spike, presumably 
arising from the soma of the proximal parts of the 
basal dendrites. Section experiments show that the 
impulses are mediated by way of the hippocampal 
commissure (ventral psalterium). 


2. Behaviour disorders and EEG-abnormalities in 
the temporal lobes. — Hy. WERGELAND. 


Provoked by the works of English authors (Hill 
and Watterson, Rey, Pond and Evans) on the sig- 
nificant correlation between certain EEG-abnormalities 
in the temporal lobes and antisocial, aggressive and 
infantile behavior in adults, the author reported on an 
investigation about this problem in children. 


In 351 non-epileptic children with unselected be- 
haviour disorders, 18.5 per cent had abnormal EEGs, 
in 11.4 per cent the abnormalities being located in 
the temporal lobe. These last patients were compared 
with the patients with normal EEGs. No significant 
difference could be revealed between the two groups 
as to the frequency of specific behaviour types, like 
aggressiveness, impulsiveness, destructiveness or psy- 
chopathic behaviour. No therapeutic effect was seen 
of anticonvulsive drugs in the children with spikes in 
their EEGs. 


The author concluded that the result of the 
investigation seemed to indicate that small organic 


changes in the brain make the child more vulnerable 
to environmental psychic stress, resulting in a variety 
of behaviour disorders. 


3. EEG recorded during operation in hypothermia. 
— ARNE LUNDERVOLD. 


EEG, as well as EMG, EKG and the interarterial 
bloodpressure have been recorded simultaneously by 
means of a Grass electroencephalograph. All together, 
129 patients, have been investigated, 101 patients with 
neurosurgical diseases and 28 ones with surgical heart 
diseases. The lowest temperature was 24° C. 

During the cooling of the body surface, there was 
in the grownups a marked increase of the frequency 
and a diminution of the voltage in the electroenceph- 
alograms. If muscle potentials were recorded, the 
EEG as well as the EKG became irregular. Heavy 
bleeding produced an increased frequency of the 
heart beat and a lowering of the bloodpressure, where- 
upon both these as well as the EEG, after a while, 
became irregular. Handling of the heart produced 
similar irregularities in the EEGs and EKGs. 

An occlusion of the vena cava, the pulmonary 
artery and the aorta, was followed by a rapid in- 
crease in the slow waves whereupon all electrical 
activity disappeared from both hemispheres 1% - 1 min. 
later. In some instances the clamping of the vessels 
produced a marked muscle activity which again was 
followed by irregularity in the EKG. When the 
muscle activity ceased, the EKG became more normal 
again. 

The return of EEG to normal after re-establishing 
at the circulation was more gradual and specially slow 
in grown ups, on an average 45 min. 

Spontaneous arrest of the heart produced the same 
changes in the EEG as complete artificial obstruction 
of the input and the output of the heart. Massage of 
the heart was followed by an increased electrical cer- 
ebral activity. In the beginning the EEG might be 
nearly normal, but the activity was gradually re- 
duced and even vigorous massage, continued for more 
than an hour was, after our experience, of little value, 
as the EEG then got quite flat. The defibrilation 
of the heart could re-establish the normal EKG and 
EEG even after a complete flattening of the EEG 
for more than 30 min. 
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COLLOQUIUM ON SENSORY INTEGRATION 


NEUROPHYSIOLOGICAL WEEK OF THE SALPETRIERE 
Paris, October 1958 


SUMMARIES OF COMMUNICATIONS 
Complete manuscripts with illustrations to be published in french by 
MASSON AND CO., Paris, France 


1. Integration in neurology: Evolution of ideas. — 
TH. ALAJOUANINE. 


The term ‘‘integration’’ has been variously 
defined. However, its derivation (from the latin 
integer, meaning ‘‘whole’’) indicates that the notions 
of summation, completion and totalization are the 
most important. 

The word comes from the language of mathematics 
(‘‘integral’’ as opposed to ‘‘differential’’ calculus), 
and in 1878 the classical dictionary of the Littré con- 
sidered only this usage. 

The term was apparently introduced into biology 
by Herbert Spencer, after passing through inter- 
mediate philosophical definitions whose connotations 
still remain. It was Spencer who formulated the 
famous precept ‘‘integration keeps pace with dif- 
ferentiation’’, which still inspires the English school 
of neurology. 

Spencer transmitted his ideas and his terminology 
to Hughlings Jackson, who emphasized, among the 
evolutionary factors of the nervous system, a growing 
integration. Jackson, in line with his concept of 
‘“levels’’, held the superior centers to be the best 
integrated of the sensory-motor centers. 

But it was Sherrington who was the true origin- 
ator of the notion of the integrative action of the 
nervous system, although like Jackson, he considered 
the concept as applying pre-eminently to motor activ- 
ities 

Henry Head applied the concept to sensory 
activity, the theme of our colloquium. Head might 
therefore be considered, as it were, the patron of 
these meetings. 

The term ‘‘integration’’ is not, however, limited 
to a single usage. One will see it employed in this 
conference to define a general principle of inte- 
gration which, for some, is more or less confounded 
with principle of hierarchical levels, or with the prin- 
ciple of coordination. For others, the term will 
represent only those more and more complex stages 
of nervous transmission which neurophysiologists are 
trying progressively to elucidate. Finally, the notion 
of the pre-eminence of certain structures which are 
particularly adapted to integrative processes is one 
which has profoundly modified the problem of inte- 
gration in recent years. Indeed, we now find opposed 
the concept of integration, as a general biological 
principle of unification, and the tendency toward topo- 
graphical study of the pathways of integrative pro- 
cesses. 

It is this history and this evolution with which 
the present conference is concerned. Its conclusion 
will be that the principle of integration is one of 
the most plausible and useful conceptions in the study 
of the functioning of the nervous system, but that 


studies aimed at determining how integrative action 
operates at each stage of neural transmission remains 
one of the primary aims of neurophysiological research. 


2. The concept of integration: Rational and physi- 
co-mathematical aspects. — A. MOLEs. 


The aim of this paper is: (a) to relate the term 
‘“integration’’, as it is used in neurophysiology, with 
its significance in general scientific language, and 
(b) to specify a certain number of rational concepts 
underlying the psycho-physiological notion of inte- 
gration, which it will be the aim of this colloquium 
to define. 

The term integration has two distinct meanings: 
(1) a general philosophical significance, and (2) a 
mathematical and physical definition. 


I. Mathematical aspect. 


‘<Integration’’ has a precise meaning only in 
mathematical physics, where it signifies the summation 
of an infinite but bounded series of elements united 
by a common characteristic, i.e., their analytic ex- 
pression as a function of a variable 2. Assuming 
a large number of elements, y = f (x), the mathema- 
tical equation: 


x x. 
fydx = f f(x)dx 
Oo () 
is an integral of the ensemble f(x), extending from 
the point of departure, 0, to a particularly point, x,. 

Integration is the operation which consists of 
obtaining a graphic or an explicit analytic represent- 
ation of the formal equation shown above. 

Thus, graphically represented, an integral ex- 
tending between certain limits of f(x) is the area 
included between the horizontal coordinate axis and 
the curve f(x). 

From this standpoint, i.e., relative to a series 
of elements presenting a common numerical property, 
the term integration is more restricted than that of 
‘‘synthesis’’, which denotes the combining of an ag- 
gregate of disparate elements. 

Integration, in the mathematical and physical 
sense, possesses a certain number of essential prop- 
erties which specify its applications. Integration is 
essentially an equilibrium, an average (center of 
gravity of a luminous field, for example), or a 
filtering. In fact, one can show that, given a suf- 
ficiently large sample, every perfectly random phenom- 
enon has a null integral. On the other hand, for all 
phenomena having the attribute of regularity, i.e., 
which possesses some degree of periodicity, whether 
temporal or spatial, the integral of the energy fune- 
tion of the variable considered can possess a con- 
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stantly increasing amplitude. In any case, it will 
exceed the mean value of random noise, and thus will 
emerge above this noise in a recognizable fashion, if 
the nature of the periodicity (i.e., the frequency) is 
known. Hence, in the operation of integration — 
whether this is carried out mathematically (through 
machine calculation using extraction methods), or 
physically (through the use of filters and integral de- 
tectors, as applied to electrical signals) —- we have 
a method by which a significant, intelligible signal 
ean be separated from random noise, a method which 
rests precisely, at a given physical strength, on the 
internal organization of the signal in relation to the 
noise. 

Here we discover a relation with the general sig- 
nificance of the word integration. 

In reality, the operation of integration in its 
statistical sense relates to the study of the autocorre- 
lation function, i.e., the correlation of a phenomenon 
with itself, or the memory which a phenomenon with 
itself, or the memory which a phenomenon has of 
itself. Mathematicians express this function by the 
relation: 

1 t 
A(r) =— f £(t)f(tr) dr 
t 0 


where t = the variation of the phenomenon (parti- 
cular form of the integral). 

This procedure permits one to isolate a phenom- 
enon mixed with random fundamental noise and to 
extract its elementary form. In actual fact, the curve 
A is always null when the interval studied is suffi- 
ciently extended. 

Another important aspect of the integral function, 
which is related to the concept of emergence, is that 
of the smoothing of experimental curves. This ap- 
plication of integration is a mathematical operation 
expressing the appreciation by the mind of a ‘‘ gross’”’ 
phenomenon. It suppresses small variations, flattens 
contours, ete. One correctly defined, integration is 
a purely mechanical operation. But the functional 
elements of this operation define the limits of inte- 
gration. It is they which determine the ‘‘whole’’ ob- 
tained from the elements comprising the graphic rep- 
resentation of the phenomenon. There are as many 
possible modes of integration as there are graphic 
aspects. To each variable will correspond one of these 
modes. 


Il. Rational aspect. 


The word integration also has a general meaning, 
that of rendering whole, or of forming a unity from 
various parts. In this regard, the term is different 
from ‘‘synthesis’’, which refers to the assembling of 
disparate, juxtaposed parts previously studied sep- 
arately. Integration here has a more restricted mean- 
ing: it refers not to a collection, but to an operation 
on separate parts having a common character, with 
the aim of making these parts function simultaneously. 

Following Husserl, we shall consider knowledge 
as a decoding of the universe which surrounds us. 
This decoding is a function of the nervous system, 
but the message is one whose elementary symbols are 
furnished one after the other, intelligibly. Integration 
will here be the perception of the form of the whole 
from the partial forms which constitute the symbolic 
elements. The intellectual ‘‘integration’’ which we 
carry out is thus related to the notion of form, and is 
projected into the system which gives us its messages. 
Jntegration is tied to the idea of form. Operationally, 


integration is that which makes organized groups of 
elements appear different from groups assembled 
randomly. 

One can have integration at successive levels, ac- 
cording to the nature of the symbols considered. 
Thus, we use neurones to define systems, systems to 
define functions, and functions to define an organism. 
Indeed, sensory functions are here only functions 
among others, defined by the fact that they receive 
their messages from the external world instead of 
receiving them from other parts of the system. 


III. The operation of integration. 


This operation implies a certain number of con- 
ditions which must find their counterparts in the struc- 
tures of the organism being studied; they can be called 
‘‘the rules of realizability’’. These conditions have 
two aspects: 


(a) a negative aspect: the ‘‘securities’’. Such 
an operation can be carried out only if a certain 
number of prior operations have been effected, or if 
certain relays are disposed in a certain order; 


(b) an aspect of protection of messages against 
disturbances (in particular, noise, or random agita- 
tion of the system which transmits the message). The 
fight against noise in the organism is effected by: 
(1) insuring the occurrence of a certain number of 
auto-reactions between the message and its effeet 
(feedback), and (2) the presence, for each action, of 
a sufficient number of similar, parellel mechanisms, 
to protect the system against accidental destruction. 

One can regard the conditions of security as ‘‘ma- 
trices of freedom’’, and the study of protection 
against noise leads to research on the mechanisms of 
(a) appraisal devices, and (b) autocorrelation among 
the different parts of a message — both of which 
imply the existence of ‘‘dated’’ and ‘‘un-dated’’ 
memories. 


Conclusion 


The mathematical and philosophical meanings of 
the term integration meet in the concept of auto- 
correlation, which assures the emergence of an elemen- 
tary temporal or spatial form from an assembly of 
elements. 

Analysis of the functions implied by integration 
suggests a correspondence between these functions in 
hierarchical structures, and the different stages of 
integration of these structures. Mechanisms of sum- 
mation, safety, auto-reaction, memorial phosphores- 
cence, and non-temporal memory establish a frame- 
work into which can be inserted the neurophysiological 
results responsible for the discovery of such mech- 
anisms. 

In fact, in neurophysiology, as in other natural 
sciences, two paths are open to the researcher: 

(1) the analytic structural method, which leads 
toward a more and more precise anatomy of the sys- 
tem studied; which descends at its limit, to the neural 
atom, the neurone; and which aims at subsequent 
reconstruction of the functioning of the system; 

(2) the analogical path, which searches rationally, 
through exhaustive examination of definitions, a cer- 
tain number of conditions which must be fulfilled to 
accomplish a suitably integrated function in an en- 
semble; which logically affirms the necessity of the 
existence of corresponding operational systems; and 
which subsequently seeks to discover such systems. 

The second attitude, which was that adopted in 
the present analysis of terms, is currently progressing 
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more quickly because of the accent it places on the 
rational (the aim of science being ultimately that of 
understanding), and because it is not obstructed by 
problems of scale, which paralyses instrumental tech- 
niques in fine analyses of the nervous system. We 
cannot dismantle the neural machine piece by piece 
and make the parts play, in isolation, the same roles 
they play within the system. The concept of inte- 
gration, which is essential to the analogical attitude, 
but which must be looked at from a statistical view- 
point if it is to coincide with what we know of the 
properties of the neural apparatus, leads to the notion 
of form, which is the ultimate stage of intelligibility. 


3. Anatomic possibilities for sensory integration in 
the brain stem (medulla, pons, mesencephalon). 

— A. BRopDAL. 

When the words ‘‘sensory integration’’ and 
‘‘brain stem’’ are pronounced together, most workers 
interested in the neurological sciences think imme- 
diately of the reticular formation. However, if we 
consider the problem of sensory integration in the 
brain stem from an anatomical viewpoint, we must also 
consider the pathways by which sensory impulses reach 
the reticular formation. For this reason the cranial 
sensory nuclei and their connections must be discussed. 
Moreover, we wish to know to what extent the path- 
ways which transmit various types of information 
from the receptors terminate in a common pool of 
neurones, as well as the anatomical possibilities for 
integration of sensory impulses of the same type 
coming from different regions of a receptor field. 

Thanks to the anatomical methods which are now 
at our disposal, it is often possible to discover, if two 
regions are connected with each other, whether the 
afferent fibers which feed a nucleus composed of 
various types of cells establish synaptic contacts with 
only a single type of cell, and whether such fibers end 
on the dendrites, on the cell bodies, or on both. 

Recent anatomical and physiological studies lave 
shown that the primary sensory nuclei must not be 
considered merely as relay stations. The connections 
of their fibers show that a certain degree of inte- 
gration must be characteristic of the nuclei themselves. 
Fibers which reach territories as far away as the 
lumbar segments of the medulla have been followed 
by ourselves and others as far as the trigeminal nu- 
cleus, the solitary fasciculus, and certain vestibular 
nuclei. Within the trigeminal nucleus, there appear to 
be possibilities for integration of touch and pain im- 
pulses, while at the same time a topotypic arrange- 
ment of the terminations of the fibers of the op- 
thalamic nerves, superior maxillary, inferior maxillary, 
Wrinberg intermediaries, and vago-glosso-pharyngials, 
suggests the possibility that stimuli are recognized 
topologically. A similar organisation is met in the 
nucleus of the solitary fasciculus. Other evidence that 
the sensory nuclei of the cranial nerves must be seats 
of integrative processes derives from demonstration 
of the existence of fibers corticofugal to certain of 
these nuclei. 

There are few primary sensory fibers which ter- 
minate in the reticular formation, and these extend 
only into its dorsolateral parts. Most of the sensory 
impulses toward the reticular formation seem to pass 
through the collaterals of secondary sensory fibers 
arising in the brain stem. It has been found that some 
collaterals of this type arise out of fibers located in 
the trigeminal, cochlear and vestibular nuclei, and in 
the nucleus of the solitary fasciculus. However, the 


medial strip of Reil does not appear to furnish colla- 
terals to the reticular formation itself. Most of the 
afferent impulses of spinal origin reach it by means 
of direct spino-reticular fibers which usually terminate 
in the medial reticular formation and at certain levels 
of its rostro-caudal extension. 

On the basis of its cytological architecture and 
of the sites of origin of ascending and descending 
fibers, the reticular formation ean be arbitrarily sub- 
divided into middle and lateral regions. The middle 
regions seems to correspond most particularly to what 
ean be ealled ‘‘the effector functions of the reticular 
formation’’ (acting on the medulla and supra-mes- 
encephalic structures), while the more lateral regions 
can be considered as more directly related to the re- 
ception and association of nervous impulses, since these 
regions appear to be the principal sites of termination 
of the collaterals of the secondary fibers. 

Golgi stains show that the collaterals of the se- 
econdary sensory fibers and the dendrites of the reti- 
cular cells are predominantly arranged in the trans- 
verse plane of the brain stem. This indicates the 
existence of a fundamental segmental pattern in the 
organization of the reticular formation. However, the 
fact that the great systems of afferent and efferent 
fibers have different levels of origin and termina- 
tion indicates that the different segments can not 
be functionally equivalent, even though interconnected. 
The possibilities of sensory integration must vary from 
one level to another in relation to ths sensory afferents 
particular to each level. 

Golgi preparations no longer permit one to doubt 
the fact that the potential pathways of nervous im- 
pulses into the interior of the reticular formation are 
virtually innumerable. Moreover, cyto-architectoniec 
studies and research on the principal systems of fibers 
in the reticular formation definitively show that this 
part of the brain is not a diffuse aggregate of cells 
and fibers, but must be considered as consisting of 
a large number of smaller units of dissimilar structure 
and probably also of dissimilar function. It has al- 
ready been possible to make certain physiological 
observations which support the conception of a reti- 
cular formation constituted of a collection of different 
units. It would thus seem important to emphasize that 
the anatomical concept of a reticular ‘‘formation’’ 
is not synonomous with the term reticular ‘‘system’’ 
as employed in the physiological literature. 


4. Neural integration and its different aspects. — 
A. FESSARD. 

The concept of sensory integration is both 
rich and confused. It is important to attempt to dis- 
tinguish its various usages. The notion has been used 
to refer to stages of consciousness, which are, at their 
higher levels, probably the highest expression of 
sensory integration. Second, attempts have been made 
to give the concept an objective, operational definition 
in terms of relevant behavioral modalities. Finally, 
mechanistic definitions have been attempted, in which 
appeal has been made to our knowledge of the struc- 
ture and functioning of the central nervous system. In 
the present paper, attention will be concentrated on 
developments relating to the last definition. Even 
here, many distributions must be made in terms of 
the different levels of organization considered: the 
level of the great anatomico-functional systems of 
the brain in their reciprocal relations; the level of 
poly-neuronie groups; and the level of the multivalent 
neurone having multiple synaptic contacts. At each 
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level, integration occurs under its above-defined triple 
aspect. The question is therefore one of deciding 
whether we should consider it as an operation which 
incorporates external elements, as a _ coordinating 
action on disparate, external elements, or as an 
intrinsic property possessed by ensembles consisting 
of closely interconnected parts. 

We shall consider in detail an elementary form of 
sensory integration which mediates the nervous mech- 
anisms of the conditioned reflex. This constitutes a 
concrete example which is well adapted to the mul- 
tiple aspects of integration, and especially to those 
which distinguish (or combine) integration in space 
and time. More particularly, we shall present, draw- 
ing on recent experimental evidence, a new hypo- 
thesis about an elementary mechanism of the forma- 
tion and maintenance of new dynamic connection 
among neurones of the same poly-synaptic group. This 
hypothesis will take account of those data of modern 
neurophysiology which indicate that the reticular 
structures of the brain stem, diencephalon and cortex 
play an important if not essential role in the in- 
tegrated and integrative functioning of the central 
nervous system. 


5. Sensory integration at the spinal level. — J. 
PAILLARD. 


Medullary psychology has furnished an essential 
contribution to the study of the integrative aspects of 
nervous function. The penetrating analysis of me- 
dullary reflex functioning which we owe to Sherring- 
ton and his students have helped to emphasize the 
importance of the integrative function of the nervous 
system. This work has opened one of the most fruit- 
ful lines of contemporary neurophysiological research. 
Taken as a whole, subsequent research has confirmed 
the validity of Sherringtonian interpretations, and 
has demonstrated their fruitfulness as a source of 
working hypotheses. 

The medulla continues to offer to experimenters a 
privileged terrain, as much for analysis of the elemen- 
tary mechanisms of synaptic transmission and the 
functioning of individual neurones, as for the study 
of the laws which regulate the integrated activity of 
groups of neurones. 

Technological improvements have permitted de- 
cisive progress, and especially, during the course of 
the last five years, have led to rapid advances in 
microphysiological depth analyses. At the medullary 
level, we can seek the benefits of these recent ac- 
quisition at three levels of architectural complexity: 


(1) At the level of the neurone. The site of con- 
vergence of afferent impulses of diverse origins and 
qualities, the motor neurones of the anterior horns 
of the medulla constitute a model of integrative 
structure. Easily accessible to microelectrodes, they 
have made the object of very precise investigations 
on the nature and mechanisms of neural excitation 
at the dendritic, somatic and axonic levels. Thanks to 
the results obtained, we possess today a coherent if not 
definitive picture of the integrative activity of these 
nervous cells. 


(2) At the level of message-distributing neural 
chains. The destination of afferent messages of 
diverse origins (notably muscular) has been followed 
and analyzed within the medulary structures. Today 
we know the spatial and temporal organization of 
certain simple circuits. The ordered interplay of 
cooperating and concurrent influences which operate 


on the neurones of convergence has been the object 
of precise studies of great general importance, no- 
tably for understanding of the mechanisms of reci- 
procal innervation. 

(3) At the level of neuronic ensembles. We again 
meet the great problems of Sherringtonian physiology, 
relevant to the organization of fundamental reflex 
forms and to the factors which regulate the selective 
distribution of afferent messages, in the pre-structured 
pathways which are inscribed in the architectural plan 
of the medulla. But, going beyond the method of 
extirpation, which though artificial is necessary for 
experimental analysis, we must try to understand more 
directly the neural configurations which respond to 
a natural organization of activating messages and 
which, within the framework of structural constraints, 
express the great functional themes of the activity of 
the nervous system in the integrated organism. 


6. The role of the ascending reticular system in 
sensory integration. — G. MoORrvuzzZI. 


The role of the ascending reticular system in 
sensory integration can be envisaged from several 
points of view. We have limited ourselves to a con- 
sideration of its indirect action as a system for main- 
taining the level of excitability and regulating the 
state of vigilance. No doubt one could also regard 
the direct actions of the same structures, as well as 
the problem of their relations with specific sensory 
systems, in the same light. These latter problems will 
be considered by other speakers. For reasons of 
brevety we refer the audience to recent monographs 
for a description of the physiology of the reticular 
activating system. We are forced to restrict our com- 
munication to a report of recent experimental data, 
mostly unpublished, which suggest the existence in 
the caudal parts of the brain stem of a system, 
antagonistic to the activating system, which exercises 
a synchronizing influence on the cerebral cortex. 

1. The most caudal section of the brain stem 
regulates the sleep syndrome of the ‘‘isolated brain’’ 
preparation and is located at the boundary between 
the protuberance and the mesencephalon (rostro- 
pontine preparation). However the electroencephalo- 
graphic trace and the ocular behavior are those of an 
awake cat after pre-trigeminal medio-pontine section, 
even though the afferents which remain connected with 
the brain are the same as in the rostro-pontine pre- 
paration (Batini, Moruzzi, Palestini, Rossi and Zan- 
chetti 1958, 1959). 

2. The pre-trigeminal medio-pontine preparation 
has a tendeney toward cortical activation which is 
much greater than that of an ‘‘isolated encephalon’’ 
preparation or of a normal cat. The trace is activated 
80 per cent to 90 per cent of the time in the chronic 
medio-pontine preparation, and 20 per cent to 50 per 
cent of the time in the normal cat, the subjects in 
both cases being placed alone in a small, closed, quiet 
but acoustically non-isolated space. The similar results 
of all these investigations and of several control 
experiments (Batini, Magni, Rossi and Zanchetti 
1959) suggest that this phenomenon is not of irri- 
tative origin, in the broad sense of the word, but is 
connected with the suppression of a synchronizing 
effect which arises in the bulbo-pontine structures 
situated behind the section. 

3. A chronie hemisection carried out at the same 
level produces an electroencephalographic asymmetry 
inverse to that which follows upon mesencephalic 
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hemisection. From the beginning of the period of 
drowsiness occurring in a cat subjected to pre-tri- 
geminal medio-pontine hemisection, spindle bursts are 
always seen to begin in the contra-lateral hemisphere. 
Sometimes the synchronization may remain limited to 
this hemisphere for a rather long time. Control exper- 
iments suggest that, because of the hemisection, the 
synchronizing pontine structures can influence only, 
or principally, the cerebral hemisphere corresponding 
to that part of the protuberance which is still intact 
(Cordeau and Mancia 1958, 1959). 

4. After medio-pontine ligature of the basilar 
artery, the effects of an intra-vertebral injection re- 
main limited to the bulb and to the caudal part of the 
protuberance. Injection into the isolated encephalic 
preparation of doses of thiopental insufficient (.3-.9 
mg.) to synchronize the cortex by intravenous means 
is followed by the waking reaction. The same dosages, 
and even smaller ones (.1 mg.) injected intra- 
earotidally into the same preparation result in EEG 
tracings typical of barbiturate-induced sleep. Here 
also control experiments suggest that intra-vertebral 
injection may cause functional inactivation of the 
synchronizing structures (Magni, Moruzzi, Rossi and 
Zanchetti 1959). 

5. The following working hypothesis is suggested 
in explanation of Pavlovian sleep: (a) besides the 
activating system of the brain stem one must admit 
the existence of synchronizing structures localized 
principally, but not exclusively, in the bulb and in the 
caudal parts of the protuberance; (b) the activating 
system is set into operation by any new excitant what- 
ever; the synchronizing structures, on the contrary, 
have the character of an iterative system, and their 
state of central excitation grows as an avalanche under 
the influence of monotonous and repetitive stimula- 
tion; (c) there is reciprocal innervation between the 
two antagonistic systems. When a conditioned stim- 
ulus is not reinforced, internal inhibition brings about 
the abolition of the conditioned response, and thereby 
the disappearance or weakening of all corticofugal 
discharges. From this there results not only a suppres- 
sion of the proprioceptive reverberations of the motor 
response, but also a reduction of the cortico-reticular 
bombardment which opposes the tendency to sleep 
through an excitatory action on the activating system. 
The way is thus opened to predominance of the syn- 
chronizing structures and to the appearance of Pavlo- 
vian sleep. This hypothesis can explain, at least 
in part, the drowsiness which precedes normal sleep, 
while as regards the maintenance of sleep, the hypo- 
thesis of reticular de-afferentiation appears even more 
convincing. 


The research summarized in this report was sup- 
ported by the Office of Scientific Research of the 
USAF Air Research and Development Command, under 
Contract AF 61 (514) - 1125, administered by the 
European Office of ARDC. It was also aided by 
subsidies from the Rockefeller Foundation (RF Grant 
54,108). 


7. Non-specific functions of the cerebral cortex 
in sensory integration. — P. DELL. 

Sensory integration necessitates a certain degree 
of vigilance. We shall discuss, with reference to recent 
experimental data, (a) the role of the cerebral cortex 
in fluctuations of vigilance, and (b) the influence 
of cortical tonus on sensory mechanisms at the cor- 
tical and reticular levels. 

(1) Role of the cortex in the mechanisms respon- 
sible for vigilance. The cortex plays a part both in 
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stimulating and in inhibiting the reticular formations 
of the brain stem. 

(a) Reference to excitatory effects of the cortex 
(Bremer and Terzuolo, Jasper e¢ al., Livingston et al.), 

Numerous cortical areas are projected at the 
reticular level. There can be convergence at the retie- 
ular level of corticopetal messages and of messages 
mediated by the extra-lemniscal pathways of the brain 
stem. Stimulation of certain cortical areas produces 
alertness. Certain exteroceptive stimuli produce alert- 
ing reactions only by reason of the associative cor- 
tical activity which they set into motion. 

(6) Reticular inhibition of cortical origin. Role 
of a reticulo-cortico-reticular system in the main- 
tenance and adjustment of vigilance (Hugelin and 
Bonvallet). 

Demonstration of the existence of a reticulo-cor- 
tico-reticular system at the level at which reticular 
discharges activate the cortex, this cortical activation 
acting in turn as a brake on the reticular activity 
which gave rise to it. Consequences of this organiza- 
tion: relative role of cortical and reticular mechanisms 
in the maintenance of vigilance. This system functions 
as a unit. Examples of dissociation of cortical and 
reticular activities as a result of humoral actions 
having differential effects on the two links of the 
system. 

An attempt will be made, by analyzing the cireum- 
stances under which they are set into operation, to 
show that there is no paradox involved in the excitatory 
and inhibitory effects of the cerebral cortex. 

(2) Action of cortical tonus on the effects of 
sensory messages at the level of specific cortical areas 
and at the reticular level. 

(a) Cortical tonus and facilitation of intra-cortical 
transmission at the level of specific sensory areas 
(Bremer and Soupel, Dumont). 

Variations in the different elements of evoked 
potentials in specific cortical areas as a function of 
vigilance level. Demonstration of successive facilita- 
tions at each intra-cortical stage. Dissociation of 
this facilitation and of cortical alerting effects proper. 
Significance of this facilitation in sensory integra- 
tion. 

(b) Influence of cortical tonus on the admission 
and intra-reticular transmission of sensory messages 
(Hugelin and Bonvallet). 

The reticular effects of a sensory message become 
more important as the cortical tonus grows more 
feeble. Consequences of this phenomenon for the 
utilization and integration of exteroceptive stimulation 
according to the level of vigilance supervening at the 
moment when it occurs. 

In conclusion, an attempt will be made to demon- 
strate the relative importance of these different mech- 
anisms at different levels of vigilance, and their role 
in the progressive passage from sleep to the stage of 
critical reactivity, in which sensory integration, as 
judged from the adaptation of responses to the stim- 
ulus situation, attains its highset degree of perfection. 


8. The integrative role of the basal nuclei. — D. 

ALBE-FESSARD. 

The basal nuclei, and in particular the caudate 
nucleus, play an integrative role when heterogeneous 
afferent sensory stimuli reach their cells. The arrival 
of these afferent stimuli can be shown in the anesthe- 
sized animal, and also in the awake but immobilized 
animal. Under the latter conditions, however, the 
fatigability of these structures is very high, and only 
stimuli widely spaced in time can set them into opera- 
tion. At the microphysiological level, it is possible to 
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show in the caudate nucleus the convergence on the 
same cell of afferent stimuli from very diverse origins. 
Segundo and Machne have been able to demonstrate 
the same phenomenon for cells of the putamen, the 
globus pallidus and the claustrum. The relays toward 
these structures are not easy to discover. However, 
certain data suggest the existence of sub-thalamico- 
caudate and thalamico-caudate connections. 


9. Integration of the sensory systems in the course 
of development. — J. SCHERRER. 

This study is concerned essentially with the evolu- 
tion of the evoked and spontaneous electrical activ- 
ities of various encephalic structures in the course of 
development. Particular attention is given to the 
cortical activities arising from the successive coming 
into play of the various sensory projection systems in 
the course of development. The chronology of the 
appearance of these activities, and their evolution, 
were studied in various animal species and compared 
with presently known anatomic and histological data. 
From their appearance to their maturity, within the 
framework of an integrated activity of the nervous 
system, the diverse electro-cortical manifestations 
arising from the sensory systems present character- 
istics among which certain features stand out clearly, 
e.g., Stimulation of the peripheral receptors involves 
extensive cortical areas. The interactions of these 
provoked activities with the spontaneous activity of 
the cortex, which represents a new stage of integra- 
tion, will also be considered. 


10. The integrative significance of the non-specific 
projection systems and sensory irradiation. — 
P. Buser. 
Study of thalamico-cortical, non-primary pro- 
jection systems in the eat. 
1. Specific ‘‘associative’’ projections. 
Sensory responses of the associative cortex. Char- 


acteristics. Identification of the thalamic structures 
activated (lateral posterior area and medial center). 

2. Specific ‘‘motor’’ projections. 

Sensory responses of the motor cortex and their 
relation to efferent pyramidal discharge. Integration 
at the level of the motor cortex. Heterosensory inter- 
actions at the level of the pyramidal neurones. 

3. ‘‘ Non-specific diffuse’’ projections. 

Thalamic structures involved in ‘‘diffuse’’ pro- 
jections. Characteristics of the cortical responses. 
Interaction between these responses and other types 
of projection activities. 

Relations among these three types of mechanisms 
considered in conjunction with the systems of vigilance 
control. 


11. Role of the corpus callosum in inter-hemispheric 
integration. — F. BREMER. 

Inter-hemispheric exchanges of impulses trans- 
mitted by the commissural fibers, which unite the 
neocortical structures of superior mammals, seem to 
play a considerable role in the mechanisms of higher 
cerebral integration. This assumption is particularly 
plausible when applied to the corpus callosum in man, 
first because of the number of its constituent fibers, 
which Bonin and Bailey estimate at one million, and 
second because the dominance of one of the hemi- 
spheres with respect to the execution of cerebral opera- 
tions appears to require an exchange of information 
and incessant interactions between the right and left 
cortex — interactions for which the corpus callosum, 


the most important of the neocortical commissures, 
must be the material support. 

However, up until about 20 years ago, attempts 
to elucidate the functional role of the corpus callosum 
met with little success. The clinical syndromes im- 
puted to section of this area in animals, and to its 
destruction in man, were revealed to constitute sec- 
ondary symptoms attributable to associated lesions 
of the pericallosal limbic regions. When anatomical 
controls permitted this source of error to be avoided, 
the transcience and lack of specificity of symptoms 
made it impossible to relate them to a well-defined 
functional deficit. The advent of electroencephalo- 
graphic and functional neurosurgical explorations 
brought hope that a precise, objective sign of com- 
missural disconnection of the two hemispheres would 
be discovered. Disappointment again ensued. The 
bilateral synchronization of normal or pathological 
bioelectrie cortical potentials was not found to be 
clearly altered after callosal sections made in epileptics 
for therapeutic purposes. Moreover, the neurophysio- 
logical examinations of these operated patients made 
by Achelaitis, Bridgman, and K. U. Smith, did not 
show any truly significant deficit as regards phasic, 
lexical or superior visual functions. 

However, in 1949, Bard and Curtis published the 
first oscillographie study of callosal responses from 
the cerebral cortex of the cat and monkey during elec- 
trical stimulation of various projection areas in the 
opposite hemisphere. The Bard and Curtis method 
opened the road to experimentation on a problem 
which appeared to have reached an impasse. The ob- 
servations of Curtis, and subsequently those of Me- 
Culloch, of Chang, and of Bremer, Terzuolo and Stou- 
pel, removed from callosal activity a part of its 
mystery. The responses of diverse areas of the neo- 
cortical convexity to a volley of commissural impulses 
were revealed to be of the same general type as those 
caused by volleys of sensory afferent impulses. Their 
spatial distribution permitted confirmation of the 
homotopy suggested by anatomical studies, yet with 
exceptions which appear to be more frequent in the 
monkey than in the cat. Another significant fact was 
that the density of commissural projections in the cat 
was found to be greatest in an association area: the 
suprasylvian gyrus. The surprising facility of the 
transfer of a sensory message from one hemisphere to 
the other, by the callosal pathway, was revealed. It 
was demonstrated that the commissural impulses from 
these inter-hemispheric transmissions exercise a very 
striking facilitatory action on the responses of the 
cortical area into which they feed, this facilitation 
being particularly marked for the axo-dendritic com- 
ponent of these responses. In addition, penetrating 
experiments have shown that the corpus callosum con- 
tributes to the bioelectric synergy of the hemispheres 
in the cat. 

But when applied to higher nervous centers, the 
electrophysiological method in general delineates func- 
tional possibilities only a little more precisely than 
those indicated by anatomic data. Its limitations re- 
side in the necessarily artificial character of the reac- 
tions evoked by electrical stimulation. The responses 
picked up by a macroelectrode are confused. On the 
other hand, the unitary action potentials registered 
by a microelectrode are by definition deprived of all 
informative significance. 

These limitations do not exist for the anatomico- 
clinical method when it can put to work all the re- 
finements of psychophysiological observation. When 
the non-specifie factors of functional disturbance, 
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which sometimes make it difficult to analyze the ef- 
fects of surgical interference with the nervous system, 
have been eliminated by appropriate controls, the 
syndrome which results from an anatomically well- 
defined lesion can legitimately be considered as the 
negative of the functional contribution of the structure 
which has been destroyed. This classical principle has 
found a new and very striking verification in the 
study of the functional consequences of callosotomy in 
the cat, carried out by Myers and Sperry. 

We believe that the experimental data to be dis- 
cussed and analyzed indicate that the functions of the 
corpus callosum and its cells of origin are those of: 
(a) contributing to the maintenance, through a con- 
tinuous exchange of cortico-cortical impulses, of a 
dynamie equilibrium between symmetrical areas of the 
cerebral cortex; (b) assuring operational synergy 
of the two hemispheres by the transfer of sensory mes- 
sages from one to the other; (c) permitting the 
duplication of mnemonic traces inscribed in the asso- 
ciation areas of the brain; and (d) contributing to 
mental unity by causing the two hemispheres to par- 
ticipate in perceptual discriminations and motivational 
decisions. 

If it is true that the sub-cortical systems vica- 
riously mediate certain of these functions, the great 
neo-cortical commissure is subsequently included among 
the fundamental mechanisms of cerebral integration. 


12. Sensory integration: reflections on the multi- 
plicity of sensory processes and the unity of 
sensory experience. — H. JASPER. 


Other contributors to this colloquium have pre- 
sented solid evidence as to the multiplicity of the 
neurophysiological mechanisms which mediate the 
integration of sensory impulses into a sensory expe- 
rience. Despite the remarkable progress of neuro- 
physiological research on the integrative capacities 
of isolated nervous cells, and their interaction in the 
specific and non-specific sensory pathways, there still 
remain many gaps in our understanding of the prop- 
erties of cells and nervous circuits, as well as in our 
knowledge of the psychological experience of conscious 
sensation. 

We shall therefore review here the neurophysio- 
logical elements basic to sensory integration. We shall 
look at the role of analyzers and the varied possibilities 
of sensory discrimination. We shall examine the central 
control of sensory input, the properties of isolated 
nervous cells, the sensations of central origin, and 
finally, the reticular system at the base of central 
integrative processes. 

Faced with the importance of the problem before 
which we find ourselves, we shall be tempted to con- 
clude, as did Sherrington, that mental events are far 
beyond the range of what we know about cerebral 
mechanisms, and that they constitute a territory into 
which neurophysiology cannot hope to penetrate. How- 
ever, with every respect for the ultimate aim, we can 
surely, thanks to modern research techniques, learn 
much more about the physical events which relate our 
sense organs to our behavior, even if their exact rela- 
tions with our mental life remain always in the 
domain of speculation. 

In this paper I shall attempt to show how sensory 
experience depends principally on centers, although 
admitting that it is influenced by information coming 
from a multiplicity of receptors and direct and in- 
direct sensory pathways. In the economy and selectivity 
of conscious experience, the majority of sensory pro- 
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cesses never reach the level of conscious knowledge, 
although they constitute a ‘‘background’’ of stimula- 
tion important for the general maintenance of the 
waking state. Out of this ‘‘tissue’’, certain perpe- 
tually changing patterns are selected to occupy the 
eenter of the conscious scene. These patterns are 
selected by the mechanism of attention, which sup- 
presses other, constantly competing patterns. It seems 
probable that certain central neural systems, such as 
the centrencephalic or the reticular systems, may play 
a critical role in this process. 

The way in which systems of central receptors are 
established by innate, pre-determined patterns, by the 
sensitivization of neural circuits, by chemical or hor- 
monal agents, by an ‘‘emotional’’ tonus, and finally 
by the past experience of the individual, will be con- 
sidered in this analysis. 

It is possible to conclude that the theory of psy- 
choneuronal isomorphism must be abandoned in favor 
of a more dynamic theory of impulse coding, in which 
a temporo-spatial pattern of impulses, or of their 
effects on the synaptic systems (including the den- 
drites), may have a behavioral significance inde- 
pendent of the specific nervous centers in which such 
impulses terminate. Thus, when certain critical zones 
are reached — zones in which adaptation to certain 
pre-established or temporarily reinforced circuits oe- 
curs a given behavioral pattern results, or a partic- 
ular sensory pattern is selected for conscious attention. 

Analysis of such mechanisms requires more than 
the study of the properties of the activity of isolated 
neurones. Techniques for the treatment of data ob- 
tained from multiple, interacting systems having 
properties similar to those occurring in the brain 
during normal behavior must be developed before 
further progress can be made on the broader aspects 
of this problem. 


13. The role of temporal integration in the arousal 
of sensations. — H. PIéRON. 


Leaving aside the influence of stimulus duration 
in perceptual recognition and fineness of discrimina- 
tion, the role of time in the processes of excitation 
in a given modality of stimulation has long been al- 
most completely neglected, and the minimum energy 
capable of engendering a sensory response has most 
often been defined in terms of a liminal intensity 
acting during an unlimited period. 

Well, although there are large differences among 
the various sensory modalities, liminal intensity varies 
with the duration of stimulation. The value of the 
threshold rises when this duration falls below the so- 
ealled ‘‘adequate period’’ and a temporal integra- 
tion of quantities of stimulation occurs. This integra- 
tion is total for brief durations shorter than the so- 
called ‘‘ecritical period’’ (general law of Bunsen- 
Roscoe, Bloch’s law for vision), but only partial for 
longer periods; it diminishes with increasing duration 
to the point where it vanishes for all supplementary 
periods exceeding the value of the ‘‘ adequate period’’. 


In the domain of sensory excitation, the study of 
luminous integration has received particular atten- 
tion. These processes have been shown to be absolutely 
parallel, for extended time periods, to those demon- 
strated by Lapicque to characterize the integration of 
electrical excitation. Thus, for human vision, at the 
threshold: (1) the product of stimulus intensity (i) 
times duration (d) is constant, and independent of 
the temporal distribution of the stimulus, up to dura- 
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tions of about 100 msee (id = k); (2) the product 
‘id’? is a parabolie function of d for durations of 
about 100 msec. up to 1 sec. (id = d-5, where a = a 
constant) and (3) beyond 1 see., intensity is invariable 
and equal to that of the threshold. Chronaxie can 
always be established. The equation under (2), above, 
represents Piéron’s law, substituted for the linear 
law of Blondel and Rey. 

The delay in reaching the threshold, due to the 
process of temporal integration, explains the pro- 
longation of latencies which occurs when the simulta- 
neous intensities are diminished. 

For that time period in which the threshold is a 
non-linear function of stimulus duration, there is a 
propitious action of gaps — both for luminous and 
for electrical excitation. In both cases, however, one 
must take into account the quantities of stimulation 
involved. These coincide with the energies in the action 
of a monochromatic or a constant white light. 

With supra-liminal intensities, integration also 
occurs within the limits of ‘‘adequate time’’, the 
limits of this ‘‘adequate’’ period becoming smaller 
as intensity is raised. During the adequate period, 
the sensation is established, grows in strength, and 
finally (in vision) transiently exceeds the final stable 


level. This phenomenon — the undulation of Broco- 
Sulzer — is unique in the processes of sensory excita- 
tion. 


In the case of intermittent stimulation (flicker), 
at supra-liminal levels for rather low frequencies, 
there occurs a rise in perceived luminosity, i.e., in the 
appearance characterizing the stabilized perception 
which occurs when fusion is realized for a frequency 
exceeding the so-called ‘‘eritical value’’ (Nutzeffekt 
and Bruecke). This stabilized perception is identical 
with that engendered by a continuous luminous exci- 
tation whose quantitative value per unit time is con- 
stant (Talbot’s law). This means that, for higher 
periodicities of the critical frequency, the two phases 
of stimulation and intermittence yield equal excita- 
tions for all apportionments within the period. How- 
ever, the apportionment does influence the critical 
frequency, i.e., the ease of fusion, which increases as 
an inverse function of luminosity, reaching its maxi- 
mum at the threshold. 

Once we have examined all of the fundamental 
data on temporal integration in the field of luminous 
excitation, where the problem of the respective roles 
of photo-chemical processes and nervous mechanisms 
is important, a more rapid review will permit us to 
determine common and non-common elements in the 
modalities of mechanical excitation (tactile, vibratory, 
acoustic and labyrinthic), thermal excitation, and 
chemical or gustatory excitation, the olfactory modal- 
ity being as yet too little understood for discussion. 


14. Sensory perception and centrifugal control of 
sensory input to the brain. — R. HERNANDEz- 
PEON. 


Attention is an essential condition of sensory 
perception; through it, conscious knowledge of certain 
stimuli is augmented and that of certain others is re- 
duced. Sensory perception arises from the integration 
of afferent messages transmitted from the sense 
organs toward the central nervous system. The clas- 
sical neurophysiological point of view is based on 
the hypothesis that the sensory signals are always 
relayed along afferent pathways from one end to the 
other up to the cortical reception areas, where they 


ean be facilitated or inhibited, and finally integrated 
with each other by means of intra-cortical association. 
This simplified hypothesis does not take into con- 
sideration the possible role of the centrifugal fibers 
which have been discovered in the stations of all 
sensory pathways. 

A physiological action of these fibers has been 
demonstrated during recent years by means of electro- 
physiological methods, and it has become more and 
more evident that the transmission of afferent signals 
can be modified by centrifugal mechanisms at various 
sub-cortical levels. A large number of facts indicate 
that the reticular system in the central part of the 
brain stem, a system which is involved in the states 
of alertness and attention, plays an important role in 
afferent centrifugal control. It has been possible 
to show that electrical stimulation of this region 
modifies the electrical activity of second-order sen- 
sory neurones in the medulla, the gracilis nucleus, 
the fifth spinal sensory nucleus, the cochlear nucleus, 
the retina, and the olfactory bulb. Electrical stim- 
ulation of the nervous system is by no means a phy- 
siological method, but an indication of the physio- 
logical action of these descending influences has been 
obtained from lesion experiments. In fact, it has been 
shown that destruction of the tegminal mesencephalic 
formations increases the evoked afferent activity of 
the fifth spinal sensory nucleus, the cochlear nucleus, 
and the olfactory bulb. 

In addition, behavioral studies considered in con- 
junction with electrophysiological records from the 
sensory pathways have shown conclusively that the 
importance of afferent volleys in the second-order 
sensory neurones varies with the attentional state of 
the animal. Evoked sensory potentials recorded at 
the level of the cochlear nucleus, the retina, the ol- 
factory bulb and the fifth spinal sensory nucleus are 
reduced or abolished when the animal is preoccupied 
by stimuli of other types which are more significant. 
On the other hand, potentials evoked by a conditioned 
and thus significant stimulus, which attracts the at- 
tention of the animal, are reinforced at the same lower 
level. In addition to such reinforcement of evoked 
afferent activity, centrifugal activation of basic activ- 
ity has been observed in the olfactory bulb during the 
state of vigilance, and this activity was reduced by 
olfactory stimuli. In this way the contrast between 
induced and basie activity becomes prominent. Thus 
the mechanisms mentioned above seem to supply sup- 
plementary and more precise information to the brain. 

The above results indicate that during the state 
of attention, centrifugal influences continuously act 
on the second-order neurones, simultaneously increasing 
the input provoked by significant stimuli and blocking 
sensory signals provoked by the non-significant stim- 
uli produced by attentional seanning. Centrifugal 
sensory inhibition will be maximal during attention 
to mental processes, and it can be augmented by 
cumulative processes such as those occurring in habit- 
uation. The intermittent nature of the rhythmic dis- 
charges transmitted by the centrifugal pathway in the 
olfactory bulb suggests that the brain stem reticular 
formation is characterized by an intermittent activity 
which may correspond to the well-known fluctuations 
of attention. It seems reasonable to hypothesize that 
many of the examples of subjective sensory suppres- 
sion studied in psychology (such as retinal, olfactory, 
tactile and thermal adaptation, auditory, fatigue, 
retinal and other types of perceptual ‘‘rivalry’’, visual 
suppression in the amblyopia, hypnotic anaesthesia, 
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ete.) are in part provoked by the above-mentioned cen- 
trifugal inhibition, which can occur at levels as low 
as the first sensory synapse. 

While admitting that in certain cases the centri- 
fugal mechanisms of the brain stem probably operate 
in the absence of cortical intervention, it seems cer- 
tain that the cortex participates in the adequate con- 
trol of the sub-cortical mechanisms involved in the 
organized and selective maintenance of the state of 
attention. 


15. Intra-cellular activity in the sensory touch and 
pain pathways. — P. WALL. 

Isolated cells from the medulla of the cat and 
isolated axons of the peripheral nerves were studied 
by means of intracellular micro-electrodes. Tactile 
fibers isolated from the posterior paw of the cat in- 
nervate a cutaneous surface of about one centimeter 
in diameter and transmit a short repetitive burst of 
impulses when the skin is touched. Tactile fibers 
which do not show adaptation are also occasionally 
encountered. 

The nature of the origin of the repetitive firing 
in the fibers was studied by interpolation of an im- 
pulse in the midst of a discharge evoked by natural 
stimulation. These experiments show that the pace- 
maker of the discharge is endogenous, and situated in 
the interior of the fiber. The nature of the discharge 
varies with the localization of the stimulus in the 
peripheral receptor field. 

Rather different results were found for the prim- 
ary sensory interneurones of the dorsal horn of the 
medulla. The afterdischarges in these cells can be 
shown, by means of the interpolated impulse technique, 
to be due to a pace-maker situated outside of the 
cell, and it is assumed that the repetitive firing and 
spontaneous activity are set into action by the bom- 
bardment of these cells by impulses coming from 
other cells. The peripheral receptor field of the dorsal 
horn cells which respond to tactile stimulation is much 
greater than that of individual axons coming from 
the skin. This suggests that there is convergence of 
a large number of peripheral axons on each sensory 
interneurone. The size of the peripheral receptor field 
and the aspect of the discharge evoked in different 
parts of the field can be modified by a number of 
techniques which will be described. In opposition to 
the interneurones, which respond to a light touch on 
the skin, there are certain others which respond only 
to pinching. These last cells have a very large cuta- 
neous peripheral field usually covering almost the 
whole of the paw. This discovery suggests that local- 
ization of painful stimuli may depend on coincidental 
tactile stimulation. Certain experiments on human 
subjects will be described which show that the con- 
gestion of the tactile system of a cutaneous surface by 
the application of rapid mechanical vibration interfers 
both with the threshold and with the localization of 
painful stimuli. The implications of these observa- 
tions for the structure of the sensory projection sys- 
tems will be discussed. 
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16. Temporal integration of sensations and 
perception of time. — P. FRAIssE. 

There can be no perception without integration 
of several successive sensations. Such perceptual in- 
tegration must not be confused with that which is ac- 
complished at levels of superior complexity through 
the elaboration of mnemonic traces by cognitive struc- 
tures. 
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Perceptual integration of successive sensations is 
tied to the fact that even a brief excitation can set 
off a psychophysical process of long duration. This 
after-discharge permits, through contiguity, sensorial 
connections among sensations of the same nature, 
spontaneous connections which can be facilited within 
certain limits by voluntary attitudes (e.g., series and 
rhythmic groupings). 

A series of diverse experiments (studies of the 
psychological refractory period, apparent movement, 
optimal interval for conditioning, spontaneous time, 
ete.) demonstrates that the process set off by a brief 
stimulation can last from 50 to 80 one-hundredths of 
a second. If sensations follow each other at this fre- 
quency they are perceived as related but clearly dis- 
tinct; at a more rapid rate of presentation they in- 
tegrate with each other without being confounded; at 
a slower frequency they can be associated within cer- 
tain limits only by a voluntary act. 

These facts permit formulation of the laws of 
time perception (over-estimation of short intervals, 
under-estimation of long intervals) and of several 
pathological phenomena. 


17. Sensory integration and learning. — W. Grey 

WALTER. 

Conditioning experiments would appear to be par- 
ticularly indicated in research on the integration of 
sensations. Well, the results of such studies tend in- 
creasingly to show that the brain functions like a 
statistical selector, that is, like a mechanism which 
appraises, in the aggregate of stimuli which constitue 
the fundamental noise, those which possess a certain 
importance. This importance appears to depend above 
all on the value of the ‘‘non-random bet’’ which 
characterizes the stimulus: unusual intensity, novelty, 
associated presentation, ete. It looks as though the 
brain gives a significance to stimuli; the response at 
the other end of the nervous system will be a proof 
that such a meaning has been given. This aspect of 
creativity, of relation, appears to us to be one of 
the most important characteristics of higher nervous 
activity. It is well known that a stimulus is not 
something pure, isolated, but is part of an environ- 
ment; and every change in the environment, if char- 
acterized by the quality of ‘‘non-disorder’’, will be 
perceived. A corollary is that absence of a signal can 
constitute a stimulus. 

This obliges us to approach the study of nervous 
activity, and of sensations, from a statistical stand- 
point. 

The great complexity of the brain, which is ex- 
pressed in the probabilistic aspect of its activity, 
ineites us to dissect it in our research, but a subse- 
quent reconstruction is difficult and often little 
adapted to reality. It is for this reason that the man- 
environment situation must deviate as little as pos- 
sible from the habitual conditions of life. Results 
obtained from domestic animals, interesting as they 
may be, are not directly comparable to those obtained 
in man. We are therefore confronted with the ne- 
cessity of carrying out humane, non-ablative experi- 
ments on men. It is in fact important to discover, and 
not to neglect, existing relations among the stimuli, 
the electrographic message, the response, and the 
evoked mental state. Such experiments are difficult 
and the results very complex, especially since the in- 
fluence of the secondary signalling system, and its 
implication of social motivation, must insofar as pos- 
sible be eliminated. 


en ee i A Se | 


— Ww. 


SOCIETY PROCEEDINGS 375 


This is why experiments have been undertaken 
aimed, on the one hand, at avoiding the interference of 
language, and on the other hand, at taking into 
account the probabilistic aspect of cerebral behavior. 
A maximum of variables was recorded: EEG, EMG, 
mecanogram, EKG, respiration and PGR. 

The experimental situation chosen was that de- 
scribed at the 1957 Neurophysiological Congress at 
Brussels. Talking is prohibited, and the subject is 
abandoned to his own initiative: he is left free to 
discover, like the rat in a Skinner box, the utility of 
a lever as a means of avoiding a punishing stimulus, 
and the significance of an association of signals. The 
latter are presented in such a manner that they form 
a characteristic schema which takes on significance in 
the course of the experiment from the relation which 
the subject gradually discovers among them. 

Such an experimental situation differs completely 
from that utilized by Ivanov Smolenski, Gastaut, and 
various other authors. In their situations, the motiva- 
tion, although it may not be known in detail, certainly 
depends on social considerations, such as, for example, 
the subject-experimenter or patient-physician relation; 
and the secondary signalling system plays an obvious 
role in it. Another important difference consists in 
the fact that the primary response studied is usually 
the electro-cortical response, i.e., the classical block- 
ing reaction. This can entrain the consequence of 
neglecting to some extent the behavioral characteristics 
and the mental states of the subject. 

In our situation, the EEG results are conceived 
only as one of the messages delivered by the central 
nervous system. 

Nevertheless, a comparative study of the two 
situations has been undertaken. The subjects are in 
general normal individuals. After each experiment an 
interview is held. All of these data must obviously 
be discussed. Here we can say only that: 

(1) We find important inter-individual dif- 
ferences. This indicates the necessity of conceptual- 
izing problems of sensory integration and of condi- 
tioning in terms of personality, and of correlating the 
most data possible. Another important factor is age. 
These data suggest that a study taking account of 
this factor must be carried out. 

(2) Intra-individual differences are also impor- 
tant. They seem to bring into relief the manner in 
which the brain functions. Hence the importance of 
approaching these problems from a statistical angle 
and a probabilistic perspective. A very useful rap- 
prochement can be made here with the studies of 
sensory deprivation and J. Cohen’s research on sub- 
jective probability. 

(3) It is less the objective quality than the sub- 
jective, relative quality given to a stimulus by the 
nervous system which constitutes its value in sensory 
integration and conditioning. 


18. Sensory integration in the regulation of be- 
havior. — A. SOULAIRAC. 

Knowledge of the physiological mechanisms 
through which sensory stimuli determine certain types 
of behavior is still very fragmentary. The problem is 
all the more complex because a sensory modality 
specialized in the instigation of behavior becomes 
active and specific only if certain biological conditions 
are fulfilled. Sensory integration therefore depends 
both on the convergence of stimulation on specific 
nervous structures, and on the physiological state of 
these structures. 


In order to limit the present problem to funda- 
mental behaviors, we shall consider only examples per- 
taining to hunger, thirst, or sexual behavior. Odor, 
taste, or the sight of a nutritive substance does not 
automatically instigate alimentary ingestive behavior, 
and conversely, in many cases, the hungry or thirsty 
behavior which an animal directs toward the seareh 
for comestible substances arises in the absence of all 
specific sensory stimulation. It must therefore im- 
mediately be admitted that there exist two types of 
motivation in the regulation of behavior: a more or 
less specific external motivation, represented by the 
ensemble of exterior motivation, and an internal moti- 
vation whose elements consist of the multiple physio- 
logical variations involved in homeostasis, and which 
includes afferent stimuli of interoceptive (or visceral), 
proprioceptive, and humoral (adrenalin, acetylcholine, 
etc.) origin. Normally, the essential element is in- 
ternal motivation, and the factors of external motiva- 
tion operate only as a function of the internal mo- 
tivational state. 

All of the sensory stimuli we have just cited 
acquire their motivational character only after having 
been integrated in nervous centers about which precise 
knowledge is still very imperfect. The general schema 
currently proposed is the following: the internal af- 
ferent stimuli converge on the mesencephalo-dienceph- 
alice structures where they establish, under certain con- 
ditions, a state of facilitation (internal motivation) 
which has rapid repercussions on the whole nervous 
system (including the cortex). External afferent im- 
pulses which reach these activated structures become 
factors of external motivation. All of this sensory 
information is then integrated into a spatio-temporal 
schema in these structures, where integration of the 
corporal schema is probably also affected. It is out 
of this integrated schema that the neuro-motor 
manifestations of organized behavior develop, through 
the utilization of neural structures which in them- 
selves possess no specificity. 

I. Sensory factors in integral motivation. It is 
evident that these factors vary according to the 
behavior involved. Without going into too much 
detail, however, it can be stated that two types of 
elements are involved in the maintenance of a state 
of physiological motivation: 1) interoceptive and pro- 
prioceptive impulses coming from the visceral wall, 
the smooth and Striated muscles, ete., and 2) in- 
formation of a humoral nature (various hormonal 
changes, secretion of adrenaline, acetylcholine, his- 
tamine, ete.). 

In general, this information is transmitted by 
sympathetic or vagal pathways, or directly through 
the bloodstream. The information depends on the 
state of homeostasis and translates its variations. 

II. Nervous structures mediating the state of 
facilitation. For the basie behaviors we are con- 
sidering, these nervous structures are principally hypo- 
thalamie: lateral hypothalamic areas and _ ventro- 
medial nuclei for alimentary behavior, supra-optic 
and para-ventricular nuclei for thirst, pre-optie for- 
mations and mamillary nuclei for sexual behavior. 
The facilitation of these structures, whose role in 
behavior it has been possible to analyze exper- 
imentally, determines states of specialized vigilance. 
The activating mechanism seems to be cholinergic, as 
opposed to activation of diffuse vigilance, which is 
principally andrenergic. Numerous experiments on the 
regulation of basic behaviors have demonstrated the 
antagonism between these two types of vigilance. 
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III. Structures mediating integration. This aspect 
of the problem is still incompletely understood, but 
it can nevertheless be stated that motor manifestations 
occur only after an integration involving the hypo- 
thalamie and hippocampal formations and the amyg- 
daloid structures. This integration is one of the 
constituent elements of the corporal schema, and 
involves the same structures which participate in 
creating the unity of the ‘‘physiological me’’. Ex- 
periments with implanted electrodes and clinical data 
have demonstrated the importance of these nervous 
structures in the realization of behavior and in its 
conscious representation in the individual. 

In spite of the numerous gaps which still exist 
in our knowledge of the role of sensory integration 
in the regulation of behavior, it is apparent that 
seemingly determinant external stimulation does not 
conform to a simple reflex schema, in which the re- 
sponse is directly tied to the stimulus. The efficacy 
of an external stimulus which seemingly causes a be- 
havior depends basically on the state of internal 
motivation which characterizes a particular phys- 
iological condition, and which permits this external 
stimulus to be integrated significantly into a spatio- 
temporal schema out of which neuro-motor manifesta- 
tions are realized. 


19. The role of sensory integration in affectivity. — 
H. GaAsTAutT. 


Even if one admits the participation of both sub- 
jective and objective elements in the elaboration of 
affective states, one must renounce the former in 
physiological research on emotion because such re- 
search can make use: only of those experimental 
elements which can be reproduced in animals. This 
is why, for the moment at least, we shall limit the 
‘‘affective life’’ to ‘‘emotional behavior’’, and more 
particularly to the three emotional phenomena objec- 
tively specifiable in men and reproducible in animals: 
surprise, fear and anger. 

Simple observation shows that most emotions are 
manifestly connected with the perception of a stimulus 
object (or with the representation of that object in 
memory) and thus with a phenomenon of stimulation 
and immediate or deferred sensory integration. It 
remains to study the paths of transmission and the 
site of the sensory integration responsible for emo- 
tions. 

These pathways and sites constitute the focus 
of the three principal theories of emotion: the intel- 
lectual theory, the ‘‘peripheral’’ theory of James and 
Lange, and the ‘‘diencephalic’’ theory of Cannon 
and Bard. 

The present state of our knowledge supports the 
validity of the Cannon-Bard theory. Accepting the 
anatomical and physiological dichotomization of the 
sensory pathways into ‘‘specific’’ and ‘‘non-speci- 
fic’’ portions, and after having opposed the localized 
cortical centers of specific integration to those dif- 
fuse cortico-sub-cortical mechanisms of non-specific 
integration, one can finally conclude that the specific 
system mediates the perception of an object, whereas 
the non-specific system mediates the elaboration of 
the affective manifestations which accompany this 
perception. The principal emotional reactions can be 
explained on the basis of an activation of non- 
specific sensory pathways. One can thus distinguish 
the instantaneous, fundamental, non-differentiated 
reaction of surprise, provoked by a necessarily brief 
stimulus, from the two differentiated reactions of fear 
and anger, which are evoked by a longer period 


of stimulation during which these reactions are main- 
tained and adapted. 

The reaction of surprise comprises somatic, veg- 
etative, electroencephalographie and psychic elements. 
Its mechanism can be interpreted in terms of a brief 
activation of the non-specific, sub-cortical integration 
structures, and more particularly, in terms of activa- 
tion of the cells of the brain stem. The brevity of 
the activation depends both on that of the stimulus, 
and-on a cireular cortico-reticular action (augmenta- 
tion of the cortifugal inhibiting tonus demonstrated 
by Hugelin and Bonvallet). 


The reaction of fear and anger in animals are 
described, and grouped with all of the defensive and 
agressive behaviors under the name ‘‘rage reaction’’. 
Their mechanism is subsequently reduced to the three 
following elements: (1) an extended activation of the 
brain stem reticular formation (lasting as long as the 
stimulus responsible for the emotion); (2) an atte- 
nuation of this activation under the influence of a 
corticofugal inhibitory tonus, resulting in a state of 
optimal reticular excitation; and (3) a ‘‘molding’’ 
of this global reticular excitation by the rhinencephalic 
centers of sensory integration which are activated by 
the non-specific sensory messages coming into them. 
Thus, the undifferentiated reaction of surprise de- 
pends on a brief reticular excitation ended by the 
same causes which initiated it. The differentiated 
reactions of fear and anger depend on the contrary, 
on a lasting reticular excitation secondarily molded, 
and adapted, by the antagonistic action of the in- 
hibitory influence of the isocortex, and by the 
activating influence of the rhinencephalon. 


The non-specific sub-cortical structures responsible 
for the unconditioned reaction of surprise and rage are 
capable of entering into temporary liaison with reti- 
culopetal afferents in such a way as to form con- 
ditioned reflex ares of reticular ‘‘closure’’ with them. 
Emotional reactions are eminently conditionable, and 
the conditioning of emotions plays an important role 
in the elaboration of the thread of affective life, 
around which new behaviors are built in the course of 
ontogeny. 

In the domain of pathological emotional reactions 
and their mechanisms, we shall emphasize (1) the 
importance of the surprise or startle reaction as an 
element of the generalized, meso-diencephalic epilep- 
sies; and (2) the importance of the fear and anger 
reactions as elements in the psycho-motor, para- 
rhinal epilepsies. 

It has been impossible for us to experimentally 
reproduce in animals the objective manifestations of 
pleasure and joy (although the studies of Olds and 
Lilly suggest that electrical stimulation of extensive 
regions of the brain provoke an agreeable affective 
reaction in animals). Without going so far as to 
deny the existence of sensory integration structures 
charged with elaboration of a central excitatory state 
corresponding to pleasure or joy, we do not think that 
the existence of such structures has been formally 
demonstrated. Pleasant emotions can represent only 
repose, exhaustion, or, still more probably, active in- 
hibition of those rhinencephalic and hypothalamic 
structures responsible for producing the antagonistic, 
unpleasant emotions. 


20. Clinical diagnosis and sensory integration. — 
P. CASTAIGNE. 


The clinician utilizes for the needs of his daily 
practice a diagnostic schema of which he demands 
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a reliability high enough to establish diagnoses from 
which therapies will possibly emerge. 

Neurological diagnosis is the fruit of a series 
of perspicacious and controlled observations which 
give it the necessary guarantees. But if one thinks 
about it, many symptoms and signs utilized in standard 
fashion, and very usefully, can not easily be justified 
in neurophysiological terms. This does not reduce 
their practical value but may cause the clinician to 
reflect on the problem. 

The simplest sensory diagnosis confronts us with 
great difficulties of interpretation. Even leaving 
aside the visual, auditory, olfactory and gustatory 
functions (to which it is customary in French termi- 
nology to limit the ‘‘sensory’’ functions), and con- 
sidering only the superficial (cutaneous), profound 
(muscular), and visceral sensibilities, one runs up 
against more unknowns than certitudes. 

A clinician’s exposition of these problems before 
a meeting devoted to physiological problems of sensory 
integration may possibly help to resolve certain diffi- 
culties. 

Tactile disturbances caused by lesion of a 
peripheral cutaneous nerve, by reason of the schematic 
and quasi-experimental nature of the causal lesion, 
should sustain no difficulty of deseription and in- 
terpretation. Well, since the studies of Head, and 
the well-known and much-discussed deductions which 
he drew from them, the question has been analyzed 
many times. Can eurrent neurophysiological con- 
ceptions about sensory unities, their overlapping, the 
differences of potential produced in the sensory 
nerve by central and peripheral excitations of the 
sensory unity, with the multiplicity of centripetal 
inputs of different intensities and spatio-temporal 
distributions, serve as a basis in terms of which the 
clinician can understand these elementary sensory 
troubles ? 

The disturbances of tactile sensibility observed in 
eases of medullary lesion are difficult to rationalize. 
Their possible absence in eases of antero-lateral cor- 
dotomy suggest that the pathways of tactile sensibility 
run through the posterior part of the spinal cord. 
But when extended lesions of the posterior cord leave 
intact the cutaneous sensibilities, this fact is at- 
tributed to integrity of the spino-thalamie fasciculus. 
Hemi-section of the medulla results in disturbances 
of tactile sensibility whose intensity and laterality 
are variable. Is the anatomy of the pathways of 
tactile sensibility and its possible variations solely 
responsible for these facts, apparently so difficult to 
reconcile ? Or should one search for the existence of 
integrative functions in tactile sensibility at the level 
of the medulla, such that the multiple tactile inputs 
reaching the medullary level there become the ob- 
jects of a synthesis and a ‘‘codification’’ which is 
subsequently retransmitted by whatever centripetal, 
non-specific pathway that may be available ? If there 
were such functions of medullary integration for 
tactile sensibility, they would help us to understand 
other curious alterations of tactile sensation which 
are characteristic of medullary lesions. 


Another example of our difficulty in understand- 
ing symptoms, however well-known and valuable, is 
furnished by the paraesthesias. It is difficult to com- 
prehend, a priori, that sensations mediated by the 
tactile pathways are produced by ‘‘supplementary’’ 
sensations; ‘‘excitation’’ emanating from radicular, 
medullary or brain stem lesions of cells or of neural 
fibers is an explanation whose value is not always 
easy to accept. Can these anomalies find a rationale 


in the derangement of a possible system of control of 
the peripheral receptors operating at the medulary 
level ? 

A similar problem can be raised with respect to 
the flashing pains observed in locomotor ataxia or 
after section of the posterior roots. One is troubled 
by the fact that a lesion which often does not alter 
objective cutaneous sensibility, and which (for the 
posterior fibers) does not affect the pain pathways, 
can provoke such peculiar pains. Should one try to 
interpret this fact as a failure of a system of control 
of the pain receptors ? Certain evolutional and thera- 
peutic clinical characteristics of flashing pains are 
in accordance with this hypothesis. 

A mechanism of the same order can also be in- 
voked in explanation of very different pain syndromes, 
such as those of thalamic syndromes. 

Disturbances of profound (i.e., muscular) sensi- 
bility are often not less difficult to understand. Our 
diagnostic schema, in which a special type of atony, 
a loss of the sense of position and of the sense 
of displacement, accompanies (or conditions) a dis- 
turbance of tonus and a difficulty in manual appre- 
ciation of the form of objects, is sufficiently homo- 
geneous. But the relative frequency of dissociations 
among the various elements must be taken into con- 
sideration. Is it then, necessary to search solely for an 
anatomical explanation, or must one invoke different 
systems of integration which appear to regulate this 
special sensory function from the neuromuscular 
spindle to the brain ? 

These multiple problems are raised only by the 
cutaneous and muscular senses, which are often con- 
sidered as simple, elementary, and easy to understand. 


The application of neurophysiological data con- 
cerning sensory integration (a) to visceral sensibility, 
(b) to the correlations among cutaneous and mus- 
cular disorders and alterations of tonus and of re- 
flexes, (c) to hypertony, and (d) to disturbances of 
coordination, offers still more difficulties but is not 
lacking in interest. 


21. The electroencephalographic study of sensory 
integration and its distortions. — A. REMOND. 


Many signs of sensory activity are present in 
electroencephalographic records. Their small size 
(small, at least, in relation to that of spontaneous 
activity), their transitoriness, and their random occur- 
rence renders them difficult to extract from the con- 
cert of permanent and spontaneous rhythms. They 
therefore pass unperceived if they are not studied 
by means of selective procedures which make them 
stand out from the background. 


As predicted by modern information theory, if 
the quantity of information transmitted in a message 
is severely reduced, an inverse increase in the signi- 
ficance of that information can occur. Thus the EEG 
can appear to be only an indescribable cacophony when 
it is deprived of its rhythmic elements. It seems re- 
dundant and uselessly noisy when such elements are 
present. In any case, due to its complexity, and for 
the purposes with which we are concerned, it presents 
above all the characteristics of a noise. Thus, in order 
to select out the electrographic reverberations of 
perceptual functions from this cerebral noise, it is 
necessary to sacrifice the greatest possible part of 
that which is only a useless context. 

The selective process automized by apparatus 
and techniques developed during the last few years 
includes the following phases: (1) analysis of a 
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complex mesage into a very large number of small 
parts (instantaneous local samples); (2) sorting and 
selection of samples according to rules which de- 
pend principally on the nature of the phenomena 
studies; (3) synthetic arrangement of selected samples 
to yield intelligibility. In order to augment the 
relative value of the signal-to-noise ratio, a selection 
is made in the successive series of those samples 
which are strictly tied, spatially or temporally, to 
the repetitive sensory stimulus, and a suitable sum- 
mation is made of these samples following their chro- 
nological or topographical rearrangement. These two 
processes furnish ‘‘integrams’’ which are particularly 
suggestive. 

‘‘Chronographic’’ responses were obtained in this 
manner from all regions from which recordings could 
be taken. Their morphology is a function of the region 
studied and of the location of the reference. 

In the same way one ean obtain as close a suc- 
cession as desired of instantaneous ‘‘topographic’’ 
images; this throws into relief the sequence as well 
as the spatial relations of local electrical events. These 
images are morphologically independent of the ref- 
erence employed. 

Several features of these new data will be dis- 
cussed : 


(1) collections of chronological and topographical 
contours; 

(2) spatio-temporal image of the evolution of a 
linear potential field through time; 

(3) first-derivative surface expressing the evolu- 
tion of potential gradients; 

(4) second-derivative surface suggesting the lo- 
eation of field of nervous activity corresponding to 
the densities of ‘‘sources’’ of current. This last rep- 
resentation is especially interesting because, unlike 
the spatio-temporal potential surfaces or chronograms, 
it is totally independent of the reference employed. 


These last images, which represent the location 
and degree of contribution of cortical generators, 
permit electroencephalographic study of sensory stim- 
ulation. The topographic maps of responses to lu- 
minous stimuli can be very precisely distinguished 
from those obtained through auditory or tactile stim- 
ulation. Even better, for each sensory domain, one 
can recognize perfectly on the scalp the effect of 
spatial heterogencity in the operation of peripheral 
receptors. For example, the effect of simultaneously 
stimulating the whole visual field can be distinguished 
from the effect of stimulating only the right and/or 
the left half-fields. (Hemiopsias due to lesion of the 
transmission pathways can thus be objectively recog- 
nized.) The same holds for auditory and tactile stim- 
ulation. Even a localized anaesthesia can be easily 
demonstrated. 

These images reflect in their form and evolution 
many other differentiating elements; the location in 
space of the stimulus generator, the intensity and 
spectrum of the signals, and the relative isolation or 
mixing of different types of signals are several phys- 
ical parameters. The surprise which such signals pro- 
voke when unexpected, their novelty, and the attention 
directed toward them are at the origin of the modi- 
fications which contrast with those produced by rep- 
etition, adaptation, fatigue, ete. Variations of the 
emotional state, like variations in the degree of con- 
sciousness, provoke perceptible differences. Anatomic 
lesions located at the level of the receptors, in the 
transmission pathways, and in the centers or areas 
of projection or integration, seem to have particular 
and perhaps specific repercussions. 


Finally, in the course of a given perception, the 
integrative character of certain limited areas, or of 
certain instants of the response period, can undergo 
a modification. Not only can sensory integration not 
have a linear progression, but one can even observe 
in the same experience the individual divorce of an 
element, located in a particular fashion in time or 
space, from the common laws which seem to regulate 
the integration of the other elements. These facts 
are well expressed by the families of curves called 
‘‘isochronal’’, the recent study of which has shown us 
the importance of the relative control of states of 
vigilance. They underline the enormous complexity 
underlying the images of the nervous activity involved 
in perceptual observation. | 


22. Psychopathological problems raised by percep- 
tual difficulties. — J. DE AJURIAGUERRA and H. 
HECAEN. 


In the first section, the authors describe how, in 
the various sensory domains, certain’ perceptual dif- 
ficulties have been described (under the name ‘‘ag- 
nosias’’) which do not appear to be reducible either 
to elementary disturbances of the sensory functions 
or to an intellectual deficit. 

Criticisms of the classic notion of agnosia in each 
of its varieties are then presented. Some authors, 
emphasizing the general intellectual deficit, regard 
these perceptual disorders as manifestations of a 
fundamental disturbance. Others attempt, by de- 
monstrating elementary modifications of function, to 
reduce the agnosias to primary sensory defects. 

While recognizing the theoretical and method- 
ological interest of these various studies, the authors, 
by comparing different aspects of perceptual deficit, 
not only across sensory modalities but also within the 
same agnosic group, show that one can no longer 
dismiss the concept of agnosia in clinical neurology. 
Emphasized in this connection are the facts of 
lesional hemispheric dominance (which are different 
for certain clinical syndromes), the dissociated and 
selected character of certain perceptual difficulties, 
and the absence of any absolute correlation between 
gnosic troubles and functional modifications. 

Current psycho-physiological research is contri- 
buting information important for the understanding 
of such perceptual disturbances. However, such data 
must always be interpreted in the light of results ob- 
tained by means of the anatomico-clinical method. 


23. Disintegration of spatial thought. — F. Luer- 
MITTE, 


The present paper is devoted to the disorgan- 
izations of spatial perceptions and of behavior in 
space which can result from various cerebral lesions. 
Limited to disturbances which relate to real space, 
perceptible to the sensorium, it leaves aside the study 
of the spatial element which occurs in the process of 
abstraction, as in mathematical thinking. While not 
viewing these deficits from the standpoint of psy- 
chological doctrines, the author attempts to discern 
from various pathological data certain of the psycho- 
sensory mechanisms whose operations interpenetrate 
to elaborate and subtend spatial thought. 


The sense of space and spatial thought are not 
innate; neither do they consist of sensory data alone. 
Rather, they are developed and organized out of many 
sensory functions, among which that of vision is by 
far the most important. This activity, one of the most 
elevated as regards sensory integration, plays, a 
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continuous role in the motor behavior of man. Tracing 
their origins to the sensorium, but involved in all 
psychic processes, notions of space are a function of 
personal qualities and of education; they are modified 
and adapted by the psycho-sensory experiences of 
each individual. 


Spatial perception, spatial localization, spatial 
representation, spatial orientation, and _ direction 
constitute as many forms of spatial thought as it is 
necessary to distinguish; sensory perceptions, the psy- 
chological processes of spatial thought, and motor be- 
havior are here variously represented. Cerebral path- 
ology results in numerous functional dissociations 
which point up the role of the sensory structures 
and mechanisms developing out of those sensory data 
which together contribute to the organization of the 
spatial sense. Examples are: the elementary troubles 
of spatial perception consequent upon alterations 
which destroy the integration of visual data, the loss 
of the ability to perceive spatial relations and to 
realize their significance which is observed in bilateral 
destruction of the visual sphere, the impossibility of 
self-direction and orientation which follows in spite of 
assistance from other senses, the same difficulty 
which can be present when the visual functions are 
preserved, the inability to manipulate and arrange 
elements in space, and the repercussions of distur- 
bances in the body image upon spatial perception and 
behavior. Pathology further shows that such troubles 
can follow either from diffuse alterations of the brain 
or from focal lesions situated principally in the 
parieto-occipital region. These last facts, taken in 
conjunction with the particular nature of the dif- 
ficulties resulting from lesions in certain sites and 
specific hemispheres, help to understand the arrange- 
ment of those psycho-sensory mechanisms which un- 
derly spatial thought. 


24. Effects of electrical stimulation on the human 
brain. — C. W. SEM JACOBSEN. 


Since 1952 at the Mayo Clinie and since 1956 at 
Oslo we have been able to increase our experience with 
recording the results of cerebral depth stimulation. 


These results seemingly must be classed in terms 
of the particular nature of each response. In the 
occipital cortex and in the sub-cortical structures of 
the same region, we have deseribed the phenomena 
in terms of their form, generally simple, their unique 
or multiple character, their movement, ete. These 
phenomena seem to depend on frequency. Olfactory 
responses have been obtained by stimulating in or 
near the olfactory bulb. Their quality seems to be 
closely related to the topography and to the para- 
meters of the stimulation. Acoustical phenomena are 
difficult to evaluate, by reason of their relation to 
the alternating nature of the stimulus. Sensory sensa- 
tions of a more general nature have been obtained in 
and around the region of the internal capsule. 


It is possible to block speech by stimulating sev- 
eral regions of the brain, and this arrest is fre- 
quently but not always followed by conscious dis- 
turbance. 


Complex memories have been evoked by stimula- 
tion near the hippocampus in the para-medial portion 
of the temporal lobe. Less structured experimental 
patterns have been obtained from more posterior re- 
gions of the temporal lobe at the limit of the parietal 
lobe. At this site the obtained responses closely 
resemble hallucinations. 


Pleasant or unpleasant emotional responses have 
frequently been obtained from limited sectors of the 
brain. It has been possible to analyze the positive 
response described in animal studies. We have been 
able to obtain feelings of comfort, relaxation, joy, 
and intense satisfaction by stimulating different areas. 
Negative responses can also be considered in rela- 
tion to the sites from which they have been obtained; 
this holds for anxiety, instability, depression, fear 
and horror. The desire to have the stimulation re- 
peated has been expressed by a certain number of 
patients. Their complex motivation can be character- 
ized as falling between curiosity, amusement, a sensa- 
tion of relaxation and of pleasure, ete. 

The extent to which patients stimulate themselves 
when given the opportunity varies with the region. 
This variation is even greater than that between sub- 
jects. In certain regions they like to maintain’ the 
stimulation for a prolonged period, interrupting it 
only very briefly. In other regions they seem to prefer 
to frequently start and stop the stimulus. 


In attempting to map the positive and negative 
systems we were surprised to observe opposite effects 
at distances of less than 144 to 1 em. For example, at 
points % em. apart on the same electrode, we can 
have one contact in a positive system and another 
contact in a negative system. Moreover, we have been 
able with remarkable consistency to locate regions 
mediating light anxiety very close to regions pro- 
voking mild feelings of comfort and _ relaxation. 
Similarly, regions which give strong positive responses 
are located close to regions giving strong negative 
responses. 

In the ventro-medial part of the frontal lobe, 
regions of pleasure and relaxation are lower and more 
internal than those mediating anxiety and irritation. 
The responses of relaxation and comfort obtained from 
stimulation of the frontal lobe are so intense that 
psychotic episodes have been broken up in less than 
one minute on several occasions. 


In the middle regions close to the medial line 
around the third ventricle, the positive and negative 
responses are much more important and powerful in 
their effect. 

The effect of stimulating different regions in 
rapid succession was discovered in the course of study- 
ing rather violent manic patients. Stimulation of the 
ventro-medial part of the frontal lobe has a calming 
effect, as does stimulation of the central region of 
the temporal lobe. But when the same stimuli are 
applied in rapid succession to the two regions, a 
favorable clinical effect of longer duration is obtained. 


These studies have therapeutic uses in the treat- 
ment of epileptics and schizophrenics. They also no 
doubt contribute elements important for today’s dis- 
cussion, since they show that sensory perception can 
be artifically produced. The method will perhaps lead 
to better understanding of natural perception, since 
it permits the simultaneous variation of at least two 
experimental factors: the site and the parameters of 
stimulation. 


25. Sensory disintegration in sleep and coma. — 

H. FIscHGOLp. 

Sensory integration manifests itself in the clinical 
EEG only by diffuse and rather unspecific bilateral 
reactions which are difficult to dissociate from the 
process of discriminative attention: the blocking re- 
action, responses evoked by isolated luminous stimuli, 
the vertex response to sound, and blockage of the 
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Rolandie rhythm. In other words, sensory integration 
is here revealed as a dispersion or an irradiation, and 
not as a focal activity. Specific responses are lost 
in the spontaneous activity. 


The diffuse reactions are accentuated and ampli- 
fied with the reduction of vigilance; only in sleep of 
stage D and coma is the trace non-reactive. But the 
effectiveness of stimulation changes with the level of 
vigilance or sleep. Light is the most effective stim- 
ulus for the awake subject, sound being substituted 
for light during stages B and C of sleep. Painful 
and proprioceptive stimuli remain effective when light 
and sound have lost their efficacity. 


The topography of the diffuse bilateral reactions 
also changes with fluctuations of vigilance. These 
reactions are preponderant in the parieto-occipital re- 
gions in the state of relaxed wakefulness, and tend 
to center on the median vertex as sleep comes on. In 
coma, special forms are distributed according to a 
characteristic anterior, central and posterior topo- 
graphy. 

It is possible to relate the EEG reactions of the 
sleeper to those of the foetus or neonate. In sleep of 
stages B or C, and in light or medium comas, the 
forms and rhythms of the diffuse reactions are ex- 
tremely varied, and are determined principally by the 
nature of the activity which precedes the stimulus. 
The polymorphism of the diffuse reactions is extreme; 
the K complex, or acceleration with diminuation of 
voltage, constitute only preferential forms in a con- 
tinually changing activity, which becomes richer in 
forms and figures as the brain retreats from the sur- 
rounding world. 

External stimuli never determine reactions solely 
of the electro-cortical type. Other activities are simul- 
taneously influenced to a variable degree, except in 
states of deep sleep or coma. These activities are: 
the somatic motor functions, the cephalic reflexes 
(corneal and pupillary), vegetative activities (respira- 
tion, cardiac rhythm, arterial tension), and humoral 
factors. 


Two special methods are currently being applied 
in the Laboratories of the Pitié to the study of sen- 
sory disintegration in the physiological or pathological 
weakening of the state of vigilance. These methods 
are: (1) the ‘‘indicator of presence’’, and (2) the 
frequency analyzer. 


The indicator of presence, which is merely a 
measure of reaction time denuded of the necessity for 
performance, utilizes signals addressed to the sleeper, 
who responds with messages according to a pre-estab- 
lished code. These messages indicate a conscious pre- 
sence. The drowsy or sleeping subject (stages B or C) 
may remain in contact with the external world, re- 
cognize the significance of a stimulus, remember in- 
structions, and respond in an adaptive manner, with- 
out somatic awakening or with only a very slight 
awakening. Sensory perception remains complete in 
light or medium sleep (stages B or C) for an auditory 
stimulus. 


In stage D responses to signals cease, but return 
at a more superficial level of sleep or at awakening. 
The interval which separates the stimulus-signal and 
the response-message lengthens with the changing of 
the EEG tracing from stage A to stages B and C. 
It is stage C which appears to constitute a ‘‘frontier 
line’’ beyond which the sleeper no longer responds 
to external stimuli. At the same stage, according to 
Kleitman and Dement, dreaming activity ceases. 


It is therefore not excluded that sensory disin- 
tegration as recognized by the indicator of presence, 
and dreaming activity, conditioned in part by external 
stimuli and liberated from the control of conscious 
thought, follow more or less parallel paths. A very 
elementary recognition of certain stimuli can persist 
even in very profound comas. 

Frequency analysis permits quantification of the 
diffuse reactivity in sleep and coma. It loses the 
morphological aspect of the tracing but better re- 
cognizes the chronological parameter of each group 
of oscillations. 

Thus, the diffuse and symmetrical reactions which 
we are studying in the clinical EEG appear more 
closely related to states of attention, surprise, dis- 
interest and sleepiness than to perceptive discrimina- 
tion. The bond of sensory afferent impulses (coming 
through the lemniseal or other pathways) with varia- 
tions in the state of vigilance remain primary. 

However, it is always necessary to remember that 
the current clinical EEG has severe limitations, due 
to the fact that it confounds many cellular and sub- 
cellular activities in its global trace. To isolate, in 
man, specific electrical responses which are focalized 
at the level of more or less limited areas, the clinical 
EEG must pass beyond the ‘‘Berger period’’ and 
make use of the integration and correlation methods 
of Dawson, Brazier, Scherrer and Rémond. 


26. From sensation to action: A synthetic view of 
the results of this colloquium. — A. Tournay. 


The task which I have agreed to undertake, with 
the means at my disposal and according to the spirit 
in which I have been trained, can not for the most 
part include, in advance, a substantive résumé. I ean 
therefore only try to summarize in provisory fashion 
the perspectives to which I plan to direct my attention. 

1. While attempting to summarize essential factual 
data, hypotheses, and theoretical trends, I shall also 
consider the import for the various problems con- 
sidered of the opening paper on ‘‘evolution of ideas’’. 

My résumé will follow the order in which the 
papers were presented, and, like the opening paper, 
will consider the frames of reference underlying the 
problems discussed and which remain to be studied. 

2. I shall attempt to orient my conclusions around 
the passage from sensation to action, and to under- 
line the reciprocal influences which occur between 
sensory and motor integration. 

(a) Sinee the era opened by Descartes, it has 
been experimentally demonstrated that motor responses 
are initiated by stimuli undergoing sensory integra- 
tion, and that sensory controls are inherent in this 
integration. The contributions of the Colloquium 
authors to this theme will be summarized. 

(b) We shall also consider the problem of how 
sensory and motor integration are related. 

(c) Taking account of data on proprioceptive and 
vestibular connections with other systems, we shall 
discuss what one ean conclude with respect to the 
controversial schematie conceptions which have been 
offered from the time of Bonnier and Head up to the 
present. 

(d) The influence exercised by movement on sen- 
sory mechanisms with respect to facilitation, aware- 
ness, vigilance, reinforcement, and spontaneous and 
willed attention will be summarized. 

(e) Also considered will be how the dynamic con- 
ceptions of neurophysiologists and psycho-physiologists 
relate to the anatomical and structural data of neuro- 
logy. 
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1. Morphological considerations on thalamo-cor- 
tical connections of the sensory receiving areas 
of the cerebral cortex. — G. MAccHI, Parma. 
The physiological data would suggest that the 

cortical sensory projection areas should have a double 

somatotopie representation. Neuroanatomical _ re- 
searches which were performed in our laboratory in 
adult cats by means of retrograde degeneration meth- 
od, led to these conclusions concerning the first (S1) 
and second (S2) somatic sensory areas: (1) the sen- 
sory thalamic relay (ventro-basal complex) projects 
both to the first (Sl) and second (S2) somatic 
sensory areas; (2) a certain number of cells belonging 
to VPL as well as to VPM subdivisions depend on the 
first somatic area as far as the thalamo-cortical con- 
nections are concerned and some others on the second 
somatie area; (3) it seems to be excluded that the 
connections of the sensory relay with the S2 area are 
only collaterals of the axons which project to the 
first somatic area. 

Some considerations may be pointed out on the 
light of these neuroanatomical results as far as the 
physiopathology of the somatic sensation is concerned. 


2. Electric phenomena of the cerebral cortex in 
reflex epilepsy. — P. Crerpax and E. FapiGa, 
Bologna. 


The electric phenomena which occur in the cerebral 
cortex of the dog, curarized and treated with arti- 
ficial respiration, have been studied during the sub- 
sequent phases of Amantea’s experiment. The char- 
acter of the spontaneous cerebral activity, the thresh- 
old of the arousal, the effects of topical strychnine 
application on the motor cortex, the changes in the 
strychnine spiking induced by centripetal impulses 
have been considered. The spreading of convulsive 
activity depends upon a certain acceleration of the 
strychnine spiking: it is constantly missing when the 
frequency of the spikes registered from the strychni- 
nized area is below 11-13/see. 


3. Researches on the origin of the persistent waking 
patterns of the midpontine pretrigeminal cat. 
— C. Batmi, F. Maecni, M. PArestini, G. F. 
Rossi and A. ZANCHETTI, Pisa. 


The present experiments have been designed to 
investigate the mechanism responsible for the endur- 
ing EEG and behavioral waking syndrome of the 


‘‘midpontine pretrigeminal’’ preparation of Batini, 
Moruzzi, Palestini, Rossi and Zanchetti. 

1. Brain stem transection at the level of the 
rostral pons in a midpontine pretrigeminal animal 
changes the EEG and behavioral patterns of wake- 
fulness into those characteristics of sleep. This is 
against the possibility that the waking state of the 
midpontine animal results from irritation of reticular 
structures in front of the brain stem lesion. 

2. The waking patterns of the midpontine pre- 
trigeminal preparation are not modified by a_ sub- 
sequent transection of the spinal cord at the cervical 
level (CI). This makes it unlikely that they are due 
to an inerease of adrenaline secretion which might 
follow upon the brain stem section. Moreover, it ap- 
pears that the strikingly different EEG and _ be- 
havioral patterns of the midpontine pretrigeminal 
animal and gasserectomized ‘‘encéphale isolé’’ pre- 
paration of Roger, Rossi and Zirondoli are not re- 
lated to differences in blood pressure. 

3. Arterial blood carbon dioxide tension has been 
found at normal levels before and after midpontine 
transection. This seems to prove that the EEG activa- 
tion of the midpontine cats does not result from 
hypoventilation and consequent hypercapnia. 

It is coneluded that the enduring EEG and 
behavioral patterns of wakefulness of the midpontine 
pretrigeminal preparation result from genuine neural 
mechanisms. The hypothesis previously advanced of 
the existence of an EEG synchronizing or possibly 
sleep-inducing influence exerted by some _ structure 
of the caudal brain stem is strongly supported by the 
present findings. ; 


4. Different EEG patterns elicited by injection of 
barbiturate into vertebral and carotid circula- 
tion. — F. MacGni, G. Moruzz, G. F. Rosst 
and A. ZANCHETTI, Pisa. 

The effects of selective injection of barbiturate 
into diserete regions of brain circulation were studied 
in the ‘‘encéphale isolé’’ eat. 

Clamping of the basilar artery and adequate ecan- 
nulation of the lingual and subelavian arteries have 
permitted selective introduction of a_ barbiturate, 
Thiopental Sodium, into the vascular circuits sepa- 
rately supplying the rostral pons, midbrain and upper 
cerebrum of the medulla and caudal pons. 

Small amounts (0.1 to 0.6 mg.) of the drug in- 
jected by the carotid route constantly elicited EEG 
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synchronization patterns, while the injection of the 
same dose of the drug by the vertebral route was 
constantly capable of eliciting EEG arousal. 

The possible mechanisms involved are discussed, 
in relation to the possibility of the existence of an 
EEG synchronizing influence originating in the medul- 
la or caudal pons. 


5. EEG synchronizing mechanism originating in 
the lower brain stem. — J. P. CorpEAu and 
M. Manca, Pisa. 


Electrolytic hemisection at the midpontine level 
just rostral to the trigeminal nerve was performed 
stereotaxically in cats, which were then observed for 
a period of days. The electrocortical activity was re- 
eorded from various areas of the cerebral mantle, 
using a Galileo electro-encephalograph ink-writer. 

A few hours after the operation, the cats showed 
an EEG asymmetry between the two hemispheres. The 
one contralateral to the pontine hemisection had a 
greater tendency to synchronization, while the ipsi- 
lateral hemisphere remained desynchronized. A mild 
auditory stimulus was able to activate the EEG bi- 
laterally. Whenever the cat returned to sleep, slow 
waves and spindles always appeared on the contra- 
lateral cortex first, before becoming bilateral. This 
EEG asymmetry was observed for the remainder of 
the cats’ life (maximum 5 days). 

The same results were obtained in the acute ‘‘en- 
eéphale isolé’’ cat. In the latter preparation, the 
EEG asymmetry was present for hemisections between 
the midpontine level and the rostral medulla, and 
disappeared when the hemisection was performed 
caudal to the medullary N. paraolivaris medialis. 

Control experiments have shown that this asym- 
metry persisted after acute denervation of both carotid 
sinuses and after bilateral vagotomy. 

The hypothesis of a unilateral ‘‘irritation’’. of 
activating structures above the section, resulting in 
ipsilateral EEG desynchronization seems unlikely. Our 
results are considered as valid, though not crucial, 
evidence in favour of the existence of a synchronizing 
or inhibitory mechanism originating in the caudal 
part of the brain stem. This mechanism would in- 
fluence the hemisphere contralateral to the pontine 
hemisection, through the intact half of the brain 
stem, while it is prevented from doing so on the side 
of the section, where the EEG remains activated most 
of the recording time. 


6. Action of drugs on the EEG of rabbits after re- 
moval of the neocortex. — G. SERGIO and V. 
G. Lonco, Roma. 


Subeortical (thalamus and reticular substance) 
electrical activity was registered in 30 rabbits, in 
which the neocortex had been almost completely re- 
moved. There was no significant difference in the 
pattern of the records when the registration of the 
electrical activity was made a few hours after the 
decortication or when it was performed as long as 
10 days after the operation. This pattern consisted 
of 10 wV. waves at 15-20 ¢/sec. intermingled with 
waves of lower frequency (4-5 c¢/sec.) and higher 
voltages (20-25 yV.). In some eases the pattern con- 
sisted of only the higher frequency waves (15-20 
c/see.). 

In contrast to the picture usually encountered 
in the intact animal, ‘‘spindling’’ was never observed 
in the thalamic lead of the decorticated animal. The 
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external stimuli which produced a regular sequence 
of waves at 5-6 ec/see. in the thalamie and reticular 
leads of the intact animal, had no influence on the 
records of the decorticated animals. 

Eserine and amphetamine, which caused the ap- 
pearance of waves of 5-6 e/sec. in the subcortical 
records of normal animals (comparable to that pro- 
voked by external stimuli) showed no activity in the 
decorticated animal. Similarly, spindles were not 
observed after the administration of sodium pento- 
barbital, nor were slow waves after treatment with 
scopolamine recorded. 

These results suggest that the synchronization of 
subcortical electrical activity depends on the proper 
functioning of the thalamo-cortical and _ reticulo-cor- 
tical reverberating circuits, which are irreparably 
damaged by the excision of the cortex. 


7. Habituation of the arousal to a differential stim- 
ulus during experiments on avoidance condi- 
tioning in the monkey. — G. F. Ricci, Roma. 
A 50/see. light stimulation followed by electric 

shock administration to the animal’s hand was the 

conditioning sequence. After conditioned responses 
were obtained regularly, differential (negative) con- 
ditioning was established. DS consisted of a sound 
followed by a 50/see. light never reinforced by UCS. 

During the first experiments after DS had been 
presented, the animal failed to respond to CS (Pay- 
lov’s external inhibition). In the following’ tests, 
however, the monkeys learned to discriminate and 
responses were again obtained. 

When DS was first presented, it caused EEG 
arousal in most of the trials. In the following 
experiments, the incidence of arousal decreased to a 
small percentage of the trials. Thus an experimental 
condition obtained, in which the same light could 
alternatively elicit an EEG arousal (when presented 
as CS) or not (when presented as DS). 

Reappearance of avoidance responses to CS and 
changes in the alerting properties of DS are probably 
related, since they develop at the same time. 


8. Ependymoma of third ventricle and of left 
ventricle with massive spasm and EEG of the 
petit-mal variant type. — F. MACCAGNANI and 
A. Riccio, Roma. 

A case is described of a child 7 years old, suf- 
fering from the first months of his life, with massive 
spasms, in whom a tumor of the third and left lateral 
ventricle was found. The nature of the lesion (pro- 
bably congenital tumour) in connection with the 
particular symptomatology of flexor massive spasms 
and of the EEG of the petit-mal-variant type is 
stressed and the possibility is considered that in rare 
eases such an electroclinical pattern is sustained by 
a space-occupying lesion in relation with the lower 
brain stem and/or the caudate nucleus. 


9. Action of Myanesin on convulsive potentials. 
A clinical and experimental study. — P. E. 
Maspres, F. MAROSSERO, L. INFUSO, A. MIGLIORE 
and C. A. PaGni, Cagliari. 


The action of Myanesin has been studied (a) in 
epileptic patients, on the spontaneous convulsive po- 
tentials and on the Metrazol induced seizures; (b) 
in dogs on the convulsive potentials provoked by i.v. 
Metrazol and by cortically applied strychnine, on the 
electrical after-discharge, on reflex epilepsy. 
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On the epileptic activity induced by Metrazol in 
man Myanesin shows a particular effect: the drug 
delays or prevents the electroclinical seizures, but 
does not alter the threshold of the appearance of 
precritical electrical abnormalities. 

Sometimes Myanesin interrupted an_ epileptic 
status with electrical pattern of continuous atypical 
spike and wave discharges. 

Experimentally Myanesin inhibits the electrical 
after-discharge; it does not appreciably modify the 
convulsive potentials provoked by local application 
of strychnine, but it inhibits the appearance of reflex 
epilepsy. 

By local application on the cortex Myanesin blocks 
the cortico-cortical spread of epileptic after-discharge. 

All these results suggest an action of Myanesin 
on polysynaptiec pathways, including the cortical path- 
ways. In consequence Myanesin prevents the spread 
and the generalization of the seizure, whether it oc- 
curs through cortico-cortical mechanisms or through 
cortico-subcortical pathways. 


10. H-reflex inhibition by means of a new anti- 
spastic drug. — P. PINELLI, Pavia. 


The behaviour of the H-reflex has been investi- 
gated in severe spastic patients, before and after 
administration of 2-Hydrazino-4,6-bisdiethylamine-1, 
3,5 triazine-dihydrocloride (Ciba 13'155): oral doses 
of 400 mg. caused marked and sustained inhibition. 
By means of complemental investigations (specially 
applying double stimuli) inhibitory effects on other 
aspects of reflex excitability of spinal motoneurons 
are also proved. Polysynaptic reflexes, however, tested 
with electromyographic procedure, were depressed but 
in a lesser degree. 

Similar prominent inhibition of the H-reflex was 
not found during other antispastic clinical treatments 
(with Myanesin). 

Therefore the diazine-triazine compounds are sug- 
gested as the most suitable antispastic drugs acting 
at spinal level. 


11. Insertion myotonia in cases of progressive mus- 
cular dystrophy. — P. Rovetra, Milano and 
E. SALA, Pavia. 


The authors describe three cases of progressive 
muscular dystrophy in which the EMG examination 
revealed the typical findings of the disease as well 
as activity of myotonic type on insertion of the needle 
and on mechanical stimulation in some muscles (gas- 
trocnemius; biceps femoris, tibialis anterior, rectus 
abdominis). Neither the maximal voluntary con- 
traction nor the electrical stimulation of the nerve 
with frequencies of 40 per sec. roused after-activity 
in these muscles. In all three cases there were no 
elements of the clinical constellation of Steinert’ myo- 
tonie dystrophy. The i/t curves of the myotonic 
muscles were normal. 


12. EEG findings in infantile hydrocephalus. — 
G. B. CavazzuTi1, Modena. 


The author has carried out electroencephalographic 
researches in hydrocephalic children of various ages 
and in various phases of the morbid process. In 24 
cases of hydrocephalus of recent standing, the fol- 
lowing findings emerged in waking-hours: normal 
curve: 14 eases; diffuse aspecifie dysrhythmia: 3 
cases; localized dysrhythmia: 2 cases; epileptogenic 
focuses: 3 cases; hypersynchronous activity: 2 cases. 

In 11 of these cases, the record taken while the 


patient was asleep proved normal. In another case, 
sleep revealed an epileptogenic focus. 

Out of these patients, 16 were examined at a 
time distance with the following results: normal re- 
cord: 7 cases (clinically stabilized); dysrhythmia, 
slackenings, rapid activity: 7 cases (either clinically 
got worse or stabilized with sequelae); epileptogenic 
focuses: 2 cases. 

Nine other subjects were examined for the first 
time after definite recovery from the disease. In 2 
cases the curve proved normal, whereas in the other 
eases a diffuse dysrhythmia with abundant rapid 
activity was observed. 

From the sum of his researches, the author feels 
entitled to reduce that neither intracranial hyperten- 
sion nor ventricular dilatation is apt to alter, properly 
speaking, the aspect of the EEG curve in hydro- 
cephalus of infancy. The eventual alterations may 
be considered either as effects of anatomic lesions 
concomitant with the hydrocephalic process or due 
to a long standing condition. In fact these alterations 
do not manifest themselves to hydrocephalus which 
recovers quickly. 

The commonest EEG sequela of infantile hydro- 
cephalus consist in a diffuse dysrhythmia of con- 
siderable degree, accompanied by copious rapid activ- 
ity. No relation was discovered between these bio- 
electrical disorders and eventual neurological symp- 
tomatology. 


13. Motor unit territory in normal muscle and pa- 
tients with neuromuscular disorders. — _ F. 
ERMINIO, Genova, F. BUCHTAL and P. ROosEN- 
FALCK, Copenhagen. 


The extent of the territory over which muscle 
fibres, belonging to the same motor unit, are distri- 
buted was investigated by means of a 12 lead multi- 
electrode in muscles of normal subjects and of pa- 
tients with neuro-muscular disorders. 

The occurrence of a positive-negative deflection 
of less than 0.2 msec. duration in the potentials signals 
the presence of active muscle fibres in the immediate 
vicinity of the recording electrodes, which are along 
the cannula of the multielectrode. The needle electrode 
seans the entire cross section of the muscle under 
examination. zm 

In the normal muscle the fibres of the motor 
units were found to be confined to a circular area 
of 5-10 mm. in diameter according to the type of 
muscle investigated. 

As compared with normal muscle the extent of 
territory was significantly smaller in muscles with 
atrophy of myogenic origin (dystrophia musculorum 
progressiva, polymyositis), somewhat increased in 
paresis secondary to injuries of peripheral nerves and 
double in muscles, in which atrophy was due to an 
involvement of the anterior horn cells. 


14. The neurophysiological basis of catalepsy. — R. 

VizI0oL1, Roma. 

An anatomical and physiological basis of ecata- 
plexy is advanced in the light of recent data of Ward 
and other authors on the experimental physiology of 
area 24, Taking into consideration the fact that 
stimulation of area 24 reproduces a cataleptic sei- 
zure and that area 24 is in connection with the in- 
hibitory bulboreticular formation and bearing in mind 
that area 24 is an important station of the emo- 
tional circuit of Papez and that cataplexy is always 
triggered out by emotional factors, the possibility is 
stressed that a lowering of the emotional threshold of 
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area 24 may be the physiological substrate of cata- 
plectic seizures. Efferent connections of cingulum 
with bulboreticular formation would be the path 
through which cingular discharge provoke massive loss 
of muscular tonus. A ecataplectic circuit hippocampo- 
cingulo-bulboreticular is proposed. 


15. A study of the reactivity in waking states 
through the projection of coloured plates in 
brain diseases. — R. SFERLAzzO and G. Fossi, 
Firenze. 

The information obtained through the study of 
the reactivity in waking states is a necessary com- 
plement to the evaluation of a pathologic pattern. 

We have projected a series of twenty coloured 
plates following an order according to a criterion 
based on alternation of colour and composition. 

While the simple repeated illumination of the 
sereen causes the adaptation, the presentation of the 
plates offers a changeable organization. 

The instability of the pattern which is obtained, 
represents a condition favouring the appearance of 
anomaly and is the basis of the study of the re- 
activity in the waking human being that completes 
the vision of the record during sleep. 


16. EEG findings in a group of pilots of an italian 
aviation company. — R. Viz1oL1, Roma. 

A groups of 100 pilots have been studied from 
the EEG point of view and abnormalities have been 
found in 8. Abnormalities consisted in‘anterior theta 
activity, temporal spikes and grand mal discharges. 
The high percentage of abnormalities is suggestive of 
the possibility that frequent change in atmospheric 
pressure and/or anoxia be the etiologic conditions 
of such findings. Changes of atmospheric pressure 
are in connection with the fact that pressurisation is 
never total. Anoxia may be in connection with the 
fact that pilots of civil companies are generally taken 
on from military reactors. 


17. Clinical-EEG correlations on epileptic patients 
submitted to medical therapy. — R. ArpiTo, 
Pisa. 

The clinical and EEG results of the medical 
therapy experienced on 100 epileptic patients sub- 
divided according to the classification made by Gas- 
taut, are reported as follows: 

The derivatives of oxazolidine 2-4 dione associated 
to the derivatives of barbiturie acid have always been 
used in generalized forms of epilepsy; methylphenyl- 
ethylhydatoin associated with the derivatives of bar- 
bituric acid has been used in partial epilepsy. 

The following clinical results have been obtained 
in 53 eases of generalized epilepsy (petit mal and 
grand mal epilepsy): in 57 per cent of the cases the 
seizures were controlled; in 18 per cent their num- 
ber decreased; in 25 per cent of the cases their num- 
ber did not vary. In the same group of patients the 
EEG patterns became normal in 28 per cent of the 
sases; in 47 per cent improved and in 25 per cent 
they remained unchanged. 

In 47 cases of partial epilepsy, the clinical results 
were the following: the seizures were controlled in 
65 per cent of the cases, in 28 per cent their number 
decreased, in 7 per cent the number did not vary. 
The EEG patterns became normal in 25 per cent, 
improved in 65 per cent and remained unchanged in 
10 per cent. 

Clinical results were better in cases of partial 
epilepsy than in generalized epilepsy. Furthermore, 
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in both types of epilepsy, it is easier to obtain through 
the chemical medicaments used, the disappearance of 
clinical seizures, rather than normalisation of the EEG 
patterns. 


18. Consideration on “épilepsie sursaut’’ in connec- 
tion with a case. — F. Mrironi, C. DE Risio 
and T. CAMPANINI, Parma. 

_ In a electroencephalographie study of a patient 
with infantile hemiplegia, who had a history of fits 
at the age of 26, we noticed that which could be re- 
garded as a form of so ealled ‘‘épilepsie-sursaut’’, 
But the element that we wish to emphasise strongly 
is the lack of corresponding electrographic evidence 
which was considered typical in the statement of the 
problem by Alajouanine and Gastaut. 


19. A case of epileptic nystagmus. — L. InFuso and 

A. MiGiiore, Cagliari. 

The authors report a case in which isolated sei- 
zures of epileptic nystagmus, associated with psyecho- 
motor and focal seizures, followed or not by gen- 
eralization, were observed. 

A very actively discharging focus was demon- 
strated by electroencephalographie recordings in the 
left temporo-occipital region. 

The fits of epileptic nystagmus were associated 
with electric seizures starting at the site of the focus 
and eventually spreading to posterior regions bi- 
laterally. 

Corticographie recordings confirmed focal abnor- 
malities. 

Surgical exploration has demonstrated a diffuse 
sclero-atrophie lesion involving the posterior regions 
of the left hemisphere. 


20. Petit-mal in heterozygotic twins: the problem 
of heredity in epilepsy. — E. MARCHINI and F. 
MATARAZzO, Roma. 

The cases of two heterozygotic twins suffering 
from myoclinie petit mal are presented and the prob- 
lem of heredity in epilepsy is briefly considered. 


21. Epilepsy of supplementary motor area with an 
unusual seizure discharge. — F. MACCAGNANI 
and A. Ricco, Roma. 

A patient suffering from typical seizures of the 
supplementary motor area (raising of left arm, con- 
jugate deviation of head and eyes to left and arrest 
of speech preceded by general bodily sensation) is 
presented. The interest of the seizure lies in the 
unusual EEG seizure discharge characterized by 
rhythmic activity at 18-15 e¢/see. following an activa- 
tion and increase in voltage of the beta activity. The 
seizure discharge is interpreted as a particular type 
in connection with the EEG peculiarities of the para- 
rolandie region. 


22. Uncommon EEG finding in a case of meta- 
morphic seizure. — G. CERQUITELLI, F. MaAc- 
CAGNANI, C. Morocutti and R. Vizio.i1, Roma. 
The case of a patient suffering from metamor- 

phopsia is described for its particular EEG reeord 

during seizure, consisting in a disappearance of tem- 
poro-occipital focus and a lowering of electrocortical 
activity. During this EEG activity, the patient was 
extremely anxious because she saw people surrounding 
her as in the deformating mirrors of Luna Park. The 
blockade of the epileptic focal activity by an anxiety 
reaction is stressed because the depression of the 
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electrocortiecal activity is not considered in this case 
a eritical acitvity as in the cases of Jasper and 
Flanigan: in fact the clinical seizure was not the 
amygdaloid type. 


23. Cerebral bioelectrical activity and behaviour 
troubles in the child. — L. Gervasio, Milano. 


Several workers have observed an incidence of 
remarkable abnormalities in children suffering from 
behaviour troubles (30 to 80 per cent according to the 
eases reported). These workers, however, do not 
agree unanimously as to the significance of such 
abnormalities. To some of them the hereditary factor 
and the maturity factor are of great importance and 
the EEG abnormalities seem to bear no relationship 
with organie lesions. Others, however, consider such 
abnormalities as the result of an organic lesion of 
the brain. 

The writer has carried out a clinical and EEG 
study in 105 oligophrenie children, teachable, all of 
them with a negative neurological test and free from 
clinical epilepsy, 65 of whom showed behaviour trou- 
bles, severe psycho-motor unbalance, impulsiveness and 
aggressiveness and the remaining 40 cases free from 
behaviour troubles. 

The frequency of abnormal records is 54 per cent 
in children suffering from behaviour troubles and 
40 per cent in the children of the control groups. The 
EEG abnormalities consist in a theta activity in 
trains, occurring symmetrically in all derivations or 
prevailing laterally, often with temporal localization, 
of sharp waves or slow spikes and waves bilaterally 
synchronous, either widespread or localized in the 
temporal area. 

An activity of the epileptic type can be observed 
with greater frequency in children suffering from 
behaviour troubles (26 per cent) than in the children 
of the control group (15 per cent). 

EEG abnormalities oceur with a strikingly higher 
frequency in the temporal area of subjects affected 
with behaviour troubles than in those of the control 
group (28 versus 12 per cent). This observation is 
in agreement with the data reported in literature as 
regards the site of the EEG changes and confirms 
the importance of the temporal lobe and of the para- 
rhinal structures in the integration mechanism of 
emotional conditions, as well as in the determination 
of the personality structure. 

When considering the subjects presenting an ag- 
gressive behaviour separately, it can be observed that 
the majority of their records are of the epileptic 
type, yet without any correlation with the distribu- 
tion site of the EEG abnormalities. 

Children suffering from severe psycho-motor un- 
balance, yet with no sign of aggressiveness, more 
frequently show a bio-electrical activity of a slow, non 
specific type. 


24. Clinical and EEG considerations on four cases 
of subacute sclerosing leucoencephalitis. — C. 
A. PacGni, L. InFuso and R. Nurcui, Cagliari. 


Four cases of subacute encephalitis are described. 
These cases, on account of their clinical and elec- 
troencephalographie features, may be classified as 
subacute sclerosing leucoencephalitis: the progressive 
and subacute disease involved children; there was an 


early intellectual deterioration with involvement of 


all the psychic functions; there were also convulsive 
episodes and hyperkinesias of various types; the slow- 


ed down and disorganized EEG reeords showed 
rhythmic outbursts of high voltage slow waves. 

One of the cases anatomically and histologically 
controlled has shown the typical finding of sub-acute 
sclerosing leuco-encephalitis. 

The authors describe the electroencephalographie 
changes related to the clinical course of the disease 
and to the waking-sleep state. 

They discuss the diagnostic importance and the 
physiopathological meaning of the rhythmic bursts of 
slow waves. The authors believe that the regular re- 
currence, at rhythmic intervals of a slow wave com- 
plex, which is very constant in form in a given re- 
cord, is the specific feature of the selerosing sub- 
acute encephalitis. 


25. The EEG in subjects with a traumatized cra- 
nium: electroclinical correlations for 1500 sub- 
jects. — G. M. Corsino and V. VoLTERRA, 
Bologna. 

EEG records from 1.500 hospital and outpatients 
with traumatized crania were examined with a view 
to comparing such data with both the traumatie fae- 
tors (nature of the trauma, concussion, ete.) and the 
vigilance conditions at the act of registrations and 
actual symptomatology. 

Notwithstanding the existence of some uncertain 
elements, the results obtained confirmed the EEG as 
a significant and indispensable organ of research 
in any complete study of traumas. 


26. Contribution to the study of periodical phe- 
nomena in clinical EEG. — R. Zaproui, Padova. 


A ease of post-traumatic coma that presented on 
EEG a regular recurrence of brief, synchronous slow- 
wave bursts against a back-ground of depressed activ- 
ity, with complete recovery, is reported. 

This unusual EEG pattern, generally considered 
as pathognomonic of subacute leuco-encephalitis with 
or without inclusion bodies, and the complex problem 
of the periodic bio-electrie phenomena in elinieal elee- 
troencephalography are discussed. 


27. EEG findings in 30 cases of surgically verified 
subdural hematoma. — E. FAVALE and S, So- 
RIANI, Genova. 

The electroencephalographie study of 30 eases of 
chronic subdural hematoma, whose exact location was 
controlled by surgical operation, has given the follow- 
ing results: 

1. Electroencephalographie changes limited to or 
prevailing in the hemisphere ipsilateral to the hema- 
toma are present in 27 of the patients. These elec- 
trical abnormalities comprise: (a) reduction in ampli- 
tude and frequeney of the background activity; (b) 
foeal or hemispheric low potentials, and (c) decrease 
of the amplitude of the response to rhythmic photic 
stimulation. The three types of electrical changes may 
coexist in the same patients or may occur independent- 
ly of each other. 

2. Electroencephalographie abnormalities (chiefly 
slow waves) contralateral to the hematoma are pre- 
sent in 3 cases. 

3. While the side of the electroencephalographie 

changes and hematoma is the same in 90 per cent of 

the patients, the clinical neurologic examination al- 
lows of an exact appraisal of the side of the lesion 
in 66 per cent of the cases. 

Some of the problems arising from these data are 
discussed, 
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28. EEG patterns in Steinert’s disease. — F. SAVOL- 

pi, Pavia. 

Electroencephalographie records were obtained in 
10 patients with dystrophia myotonica belonging to 
two distinct family trees. Eight patients were found 
to have a basal rhythm with frequencies between 7 
and 8.5 ¢/see. Two patients showed pronounced dys- 
rhythmia with fast and slow waves that were recorded 
in all leads, with parietal preponderance. The signif- 
icanee of these patterns is discussed in relation with 
the maturation of the nervous system and to possible 
diencephalic lesions. 


29. EEG findings in virus hepatitis and other liver 
diseases. — F. De Riris, M. Corrormti, A. 
AscIongE, C, SERRA and M. LamsiasE, Napoli. 
The present paper concerns the EEG findings in 

various liver diseases (virus hepatitis 10 cases; liver 
cirrhosis 14 cases; hepatic neoplasm 2 cases; obstruc- 
tive icterus 3 cases). In 6 eases of virus hepatitis 
evident patterns of cortical electrical lability could 
be seen; in other liver disease aspecific abnormal re- 
cords have been observed. The EEG abnormalities 
from hepatic cirrhosis are mainly based on the hepatic 
damage and subsequent liver impairment. The EEG 
patterns recorded from virus hepatitis seems to be 
connected with pathogenic factors: enzymatic modi- 
fications (transaminase activity, phosphoglycomutase, 
aldolase, fumarase, phosphoexoeseisomerase) which 
eould be responsible for metabolic damage of nerve 
cells and consequent EEG abnormalities. The inde- 
pendence of electrical pathology from any clinical 
psychoneurological troubles and the severity of the 
disease is emphasized. 


30. The signification of potentials evoked on the 
vertex. —— S. MELLINA, Roma. 

A ease is presented in which high voltage spikes 
were evoked on the vertex region without exhaustion 
for several hours. A boy, 15 years old, suffering from 
severe cranial traumatism, developed, after the trauma, 
aggressive behaviour. The possibility that in some, 
the spikes at the vertex are not a normal finding but 
the consequence of a lesion in the orbito cingular 
region is stressed in the light of the findings of Cour- 
ville on the sites of preference of cerebral lesion after 
cranial injury. 


31. Considerations on the electroclinical pattern of 
seizures induced by quick intravenous injection 
of NH.C1 with reference to’ the syncope of 
human pathology. — A. MIGLIORE, F. MaAros- 
sERO and C. A. PAGnI, Cagliari. 

The seizures experimentally induced in man by 
the quick intravenous injection of NH,Cl show an 
electric pattern like the syneope of human pathology. 
Clinically the impairment of the alertness is the most 
important of the symptoms, but in the NH,C1 sei- 
zures there are also autonomic symptoms and auto- 
matie behaviour. The recording of EEG, breath, and 
earotid and femoral blood pressure has shown a wide 
difference with regard to syneopes: tachicardia in- 
stead of heart failure, hyperventilation instead of 
breath arrest; blood pressure, and in consequence, 
cerebral blood flow are not modified. 

The authors on the basis of the experimental data 
suggest that NH,Cl acts on a diffuse projection 
system. 
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32. The use of isonicotine acid in the EEG activa- 
tion of epileptic children. — E. LUGAREsI and 
V. VOLTERRA, Bologna. 


Since the convulsant activity of isonicotine acid 
hydrazine has at the present time been well proved, 
the authors used this substance experimentally in EEG 
activation in a group of epileptic children. 

Contrary to the opinion of other authors, they 
reached the conclusion that the administration of the 
drug, if carried out with suitable methods, may reveal 
latent EEG abnormalities and, in some eases, lead 
to the site of the epileptogenous focus being dis- 
covered. 

Considering that other more useful methods of 
activation cannot be used during infancy and bearing 
in mind the easy use of the drug and any lack of 
harmful effects encountered, the authors are of the 
opinion that isonicotine acid hydrazine may be use- 
fully employed in the study and EEG diagnosis in 
epilepsy in children. 


33. On the so-called sleep activation of the EEG 
_ temporal lobe epilepsy. — P. Rovetta, Mi- 
ano. 


In electrocorticographie examinations of 15 cases 
with temporal focal epilepsy carried out first in 
waking state and then during barbiturate sleep, the 
author observed epileptic activation by sleep in 7 of 
them. It was represented by the increase in the num- 
ber of spike discharges per unit time, by their syn- 
chronous diffusion to the extensive areas of the tem- 
poral lobe and by their appearance at relatively reg- 
ular intervals of one or more seconds. On the basis 
of these findings the so-called sleep activation of 
the records of patients with temporal lobe epilepsy 
is regarded as due to the periodic variation of the 
basal excitability of the brain during sleep. These 
cyclic variations of the nervous excitability are really 
apt to determine the numerical increase of the epilep- 
tie discharges, as well as their periodic appearance 
and their synchronous diffusion. Such a mechanism 
is at the basis of the increase of the epileptic activity 
during sleep also in other types of epilepsy in which, 
as is known, a course of discharges like that noticed 
by the author in cases of temporal lobe epilepsy has 
been observed. 


34. EEG and troubles of consciousness in deper- 
sonalized patients. — G. ZANocco, Bologna. 


The author reports clinical and electroencephalo- 
graphic observations on patients with syndrome of de- 
personalization. He compares these data with those 
of other authors and concludes as to the normality of 
the EEG finding in the simple depersonalization. 


The author discusses this conclusion with reference 
to the various opinions on the modification of con- 
sciousness which is implied in depersonalization. He 
observes that — as far as EEG is concerned — in the 
syndrome of depersonalization, the common functions 
which rule the level of cortical vigilance do not seem 
to be disturbed. 


35. Clinical and EEG study of biopathic-epileptic 
oligophrenia. — V. PELLICCIOLI and F. GARIONI, 
Brescia. 
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1. Electromyographic diagnosis of ‘“‘writer’s cramp’’. 

— F. Taresaut, F. Iscu, C. Iscu-TREUssARD and 

J. EBTINGER-JOUFFROY, Strasbourg. 

An EMG study by means of coaxial needles, with 
polygraphie recording by means of a cathodic oscillo- 
graph, permits the precision of the type of abnormality, 
during writing, in the common finger extensors, the 
finger flexors, and the first dorsal interosseous muscle, 
in patients sent for writer’s cramp. This abnormal 
activity is translated at times by a regular tremor 
(4 eases) whose frequency is in the same range as 
that of the Parkinsonian syndromes; at times by an 
irregular tremor (4 cases), as in certain static tre- 
mors; at times by strengthening of long duration on 
a continuous background (2 cases) reminiscent of 
choreo-athetosic movements. But in the great majority 
of cases, whatever the type, this abnormal activity 
appears during writing, whereas other movements are 
effected normally, which fact underlines the character 
of functional dystonia. In 7 out of 10 cases a burst 
of activity was recorded when the passive shortening 
of the extensor was released; the authors consider this 
to be the EMG translation of ‘‘plasticity’’, a tonic 
disorder characteristic of extra-pyramidal affections. 
Finally, in two eases, the EMG examination permitted 
the elimination of functional dystonia; in one case 
the dysgraphy was linked with the appearance of real 
writer’s cramp upon effort, characterised by an out- 
burst of high frequency potentials. 


2. Electromyographic aspects of periodic familial 
paralysis. — F. Turesaut, F. Iscu, C. Iscn- 
TREUSSARD and J. F. Levy, Strasbourg. 


The authors report the results of electrical and 
electromyographie examinations practised in three 
members of a family affected by periodic familial 
paralysis. Two of them developed, after the age of 
50, a permanent progressive functional weakness of a 
myopathie type. Upon classical electrical examina- 
tion the affected muscles showed reactions of global 
or partial slowing without electric myotonia. 

At EMG all atrophied muscles showed spontaneous 
activities of brief fibrillation potentials and slow 
potentials of denervation, frequently in outbursts upon 
penetration, or on voluntary movements when these 
were possible; at times, simple recordings of high 
frequency of the type of neurogenic atrophy, at times 
the aspects of myogenic atrophy. 

In the third patient, who only had transitory sei- 
zures, the electrical examination was normal between 
attacks, and there was neither spontaneous activity 
on EMG nor frankly pathological recordings on vol- 
untary movements. 

It is difficult to explain the reason for the signs 
of peripheral neurone disorder, especially since mus- 
cular biopsies which were performed in the three cases 
showed essentially lesions of muscle fibers and not 
of neurogenic atrophy. 


3. Coupled electroretinographic and electroenceph- 
alographic recording. — M. SAMson, D. SAMSON- 
DoLtiFus, and S. PINCHON. 


__ The electroretinogram and evoked occipital poten- 

tials were studied under different conditions, using 
an electroencephalographie apparatus whose recording 
speed was 60 mm/sec., with an amplitude of 100 ,V. 
per one cm. for the ERG, 100 ywV. per 4 em. for the 
EEG, and time constants of 3/10. 


(1) The intensity of light in the eye varies when 
the distance from the stroboscope to the subject is 
modified. Wave ‘‘a’’ predominates for strong light, 
wave ‘‘b’’ for medium light, and finally, the ERG 
disappears when the intensity of light is very low. 
The evoked potentials are most constant for the me- 
dium intensities of light; they are rare for high inten- 
sities, however, they may be found when the ERG 
is no longer being recorded. 


(2) The luminosity of the laboratory may play 
an important role, and the ERG is very sensitive to 
it, even during the day. The greater the surrounding 
luminosity, the more the decrease of the ERG; how- 
ever, in artificial light the ERG is of a much higher 
range, as much for the negative potentials as for the 
positive, and the evoked occipital potentials are much 
more sensitive to variations. 


(3) When the ambiant luminosity remains fixed, 
as well as the luminous intensity, the ERG is fixed 
as well, even if the subject’s attention is attracted by 
different methods; however, the evoked occipital po- 
tentials are not as clear when the subject is very alert 
but they reappear very clearly the moment his atten- 
tion relaxes (this approaches the experiment on the 
cochlear nucleus of the cat, reported by Lindsley in 
1957). - , 

In conclusion, the ERG is very sensitive to external 
physical conditions; the evoked occipital potentials 
do not strictly follow the same variations, and in- 
hibition and facilitation factors must play at least 
as important a role. rie 


4. The neurological study of ocular movements by 
the electro-oculographic method. — V. GaBER- 
SEK, F. LHERMITTE, N. LESEVRE and ANTOINE 
REMOND, Paris. 


The oculographic recording of shifts of gaze 
enables marking the instant of occurrence, the diree- 
tion of the ocular movements, measuring their ampli- 
tude, and appreciaticn of their speed. It thus becomes 
possible to study the various types of spontaneous or 
commanded motor activity. The first, and in partie- 
ular rhythmie or sporadic involuntary movements, do 
not involve the application of any particular technique. 
The study of commanded movements can be made by 
a very simple analytic method, or, on the other hand, 
during a complex performance such as that occurring 
during reading, 
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(1) In the first case, luminous spots are brought 
before the eyes of the subject, which he must fix as 
soon as he perceives them: these points then make a 
succession of movements away from each other, of in- 
creasing angle, on a series of meridians of the visual 
field, in such a way that the whole of this latter be- 
comes explored. The nature of the commands, together 
with their particular characteristics, are recorded auto- 
matically, paraliel with the electro-oculogram. It thus 
becomes possible to appreciate, on the reeording, the 
reaction-time, the direction of the shifts, the amplitude 
and the speed of movements and the dysmetrias, dis- 
orders of synergy and of fixation, motor disorders 
secondary to a perceptual anomaly (hemi-anopsia, 
dyschromatopsia, ete... .) 


(2) Reading: In addition to the preceding dif- 
ferent anomalies which can also be recorded during 
the process of reading, there are others which are 
provoked by disorders of comprehension, either patho- 
logical (confusion or aphasia), or simply related to 
the differences in responses of the subjects to the 
reading effort, or to their cultural levels, etc. 


5. The electro-oculographic diagnosis of hemianop- 
sias. Technique and method. — N. LEséEvre, V. 
GABERSEK and ANTOINE REMOND, Paris. 


The anomalies of shifts in gaze that are partic- 
ular to hemianopsis, can be brought out in a lot of 
ways, all of which are, however, based on the dys- 
metria which appears when the gaze should reach a 
point beyond the subject’s field of vision. The authors 
have mainly used the two following methods: 


(1) Standard EOG: the motor realisations are 
recorded in both directions, for a certain number of 
spatial shifts, and for angular deviations of increasing 
amplitude that are commanded by the successive il- 
lumination of luminous spots in front of the subject, 
and which are separated one from the other by a 
reasonable distance. It is thus possible to show an 
important asymmetry, for certain directions, between 
the graphic elements corresponding to each one. The 
movement is most often of the hypermetric type when 
the gaze shifts towards an absent field. It is then 
corrected, secondarily, by a righting movement that 
is well measured, inasmuch as it takes place in the 
favorable direction. 

(2) During reading the analytic activity to which 
the gaze is normally submitted brings out the same 
anomalies: there is, in fact, a dysmetria becoming 
evident when the shift in gaze should reach an in- 
visible region starting from the initial point of fixa- 
tion. This dysmetria is remarkable and hypermetropic 
in left-sided hemianopsias for the movements of re- 
turning to the beginning of a line. In right-sided 
hemianopsias there is a sort of alternate movement 
of continuous hesitation during the progression of 
the reading towards the right side. 


6. Electro-oculographic diagnosis of dyschromatop- 
sias: Technique and method. — V. GABERSEK, 
N. Leszvre and ANTOINE REMOND, Paris. 


The essential characteristics of the colour visual 
test proposed by the authors, and its originality, 
depend upon the following: on the one hand, the fact 
that the subject’s gaze must follow an _ itinerary 
wherein the alterations of direction at right angles 
produce characteristic graphic signs, and, on the other 
hand, the signs occur in their typical organised se- 
quence only if the subject can really see, and can see 
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well the traject he is supposed to follow. This will 
naturally not happen when the path is drawn with a 
colour, or according to a contrast, which escapes the 
subject. 

A series of charts may be obtained according to 
this principle. On each of them two geometric trajects, 
identifiable by their oculographie realisation, are 
treated with colours in such a way that, for each of 
the particular dyschromatopsias, one must be perfectly 
visible to the affected subjects, while the other is 
visible only to normal subjects. 

In order for this distinction between the explor- 
atory activities of the gaze of each clinical type to 
be made without too much difficulty, it is necessary 
that the graphic elements obtained upon change in 
the direction of gaze be perfectly legible from the 
start. For this it is necessary that the complete itin- 
erary be sufficiently long and complex to demand 
from the subject an actual exploration, and that the 
direction of these itineraries be, from the start, clearly 
opposed. 

In this first study the authors were content to 
distinguish very roughly between the normal, the dys- 
chromatopsies, and the achromatopsics. They used 
for this a chart, which is described in detail, and on 
which two coloured itineraries are represented, having 
each a common uncoloured point of departure situated 
in the centre. One of these coloured paths is visible 
only to normal subjects, the other is visible only to 
dyschromatopsics, while the achromatopsies, of course, 
do not perceive any itinerary at all. 

Other charts and other coloured pathways are 
planned in order to permit a distinction, among the 
dyschromatopsics, between the Dalton, Balfour and 
Nagel types. 


7. Registration and stimulation of sub-cortical struc- 
tures in the chronically decorticate animal. — 
M. Jouvet, F. MIcHEL and J. Courjon, Lyon. 


After total removal of the roof of the skull de- 
cortication is effected in one stage. A prosthesis of 
acrylic resin, convexly shaped, is then fixed between 
the occipital bone and the frontal sinus. Subcortical 
electrodes are then fixed on this prosthesis, and the 
temporal muscle is sutured along the edges. By this 
method, adhesions are avoided between the muscular 
plane and the white matter, permitting the electrodes 
to remain solidly in place, and presenting an ap- 
preciable mechanical protection. The tolerance of this 
method is excellent. 


8. Method and results of stereotaxic exploration of 
sub-cortical structures in man. — M. Jouvert, 
P,. GERIN and F. MIcHEL, Lyon. 


The authors insist upon the precision with which 
exploratory sub-cortical electrodes must be intro- 
duced. They apply their method, either during a 
neurosurgice| intervention in order to localise by stim- 
ulation or registration of the ‘‘target structures’’ 
(thalamus, pallidum), or in a chronie fashion, in coma- 
tose cases, in order to obtain information on the 
reactivity of sub-cortical structures when standard 
EEG procedures are insufficient. The authors de- 
scribe the multipolar electrodes used, and their stereo- 
graph which permits the introduction. They present 
the result of anatomic control, pointing out the pre- 
cision of their technique. They also define the limits 
of the cortical-sub-cortical sectors useful to the study, 
on the same electrode, of the specifie afferent path- 
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ways to the cortex, and of the non specific cerebral 
formations, avoiding the dangerous zones of the brain. 
Finally, they present some results obtained during 
sub-cortical exploration: blocking of evoked some- 
sthesie responses at the level of the ventro-postero- 
lateral nucleus of the thalamus during attention, and 
electrical diagnosis of irreversible changes in the sub- 
cortical structures during prolonged anoxia. 


9. Technique of stereotaxic exploration of the en- 
cephalic structures in man. (Vortex, sub-cortex, 
basal ganglia). — J. BANCAUD and M. B. DELL, 
Paris. 


I. Placing of Deep Electrodes. 


The stereotaxic exploration of cerebral structures 
in man is justified only when it can be considered as 
the first stage of a therapeutic measure. It calls for 
the execution of different methods of investigation 
which are impossible to dissociate (anatomic, clinical, 
electrophysiological). 

It is dangerous to wish to interpret electrical 
findings by giving them the same value as normal or 
pathological phenomena if the precise site of the 
deriving electrodes is not perfectly known. This site 
ean only be defined in relation to one or more intra- 
cerebral structures, which have been visualised, prior 
to the procedure, by radiological methods. The pro- 
eedures for points of recognition, used since 1949 
by J. Talairach, M. David, P. Tournoux and coll. 
(Atlas of Stereotaxic Anatomy, 1957. Stereotaxic 
Surgical Exploration of the Temporal Lobe, 1958) 
guarantee freedom from error in this domain. 

The successive stages which permit the placing 
of the electrodes (radiological landmarks, prepara- 
tion for the intervention on a model, surgical proce- 
dure) are described. This work is illustrated by obser- 
vations on patients operated for epileptic seizures. 


10. Techniques of stereotaxic exploration of the 
encephalic structures in man. (Cortex, sub- 
cortex, basal ganglia). — J. BANCAUD and M. 
B. DELL, Paris. 


II. Techniques of Registration and of Stimulation. 


Experience has permitted the adaptation of these 
techniques to each type of intervention (surgery of 
pain, of abnormal movements, ete.). 

The authors describe the method employed with 
regard to the surgical treatment of certain epilepsies. 
They show, in particular, on radiological documents, 
the possibility of exploring more than a _ hundred 
points in the intracerebral space by the use of round- 
tipped needle electrode-holders of important calibre, 
thus permitting to avoid vascular accidents. 

A specially conceived EEG apparatus assures the 
simultaneous reception of a large number of deep 
electrodes and of a variable number of scalp elec- 
trodes. It contains a total of 17 chains, 6 of which 
are reserved for phenomena other than the EEG., 3 
direct current chains (direct coupled amplifiers) are 
destined for the purpose of registering vegetative 
phenomena of slow variation: respiration, electro- 
dermogram, arterial pressure. There is great im- 
portance for a pre-operative vegetative control. 

Electrical stimulation can be made on any one 
of the electrodes at the same time as the tracing is 
going on. The parameters of stimulation must be 
submitted to certain rules discussed by the authors. 


11. Stereotaxic technique: New dispositions for 
cranial penetration. — ANTOINE REMOND and 
R. LECASBLE, Paris. 


The authors wish to describe briefly two devices 
used during stereotaxic operations. One is a ‘‘nest 
of teletactic utensils’’, the other is a ‘‘cranial per- 
forator’’. 


1. Teletactic Utensil. 


This instrument consists of a series of four 
elements sliding one within the other, concentrically, 
along the same axis. The outermost one, which is also 
the largest, is a tube which is fixed by means of two 
pincers upon the depth-scale supported by the ear- 
riage of the stereotaxic apparatus. Tightening of 
the pincers on the tube is effected in such a way 
that one of the extremities rests on the skin. This 
then permits a very rigid intermediary tube to ‘slide 
within until it penetrates the level of the skin as 
well as the lumen of the burr-hole, coming to rest on 
the dura or the cortex. This in turn permits the 
passage of a long needle, 300 mm. by 12/10ths mm. 
At its proximal end this needle ends in a syringe tip. 
This permits injections, and especially allows the 
passing of a perfectly gliding isolated stalk, con- 
taining an electrode on the end which constitutes the 
innermost part of this needle. By means of this 
electrode, completely supported the length of its 
traject, registration or coagulation may be effected. 


2. Cranial Perforator. 


This device permits the extemporaneous placing 
within the walls of the skull, of a narrow tube which 
permits the passage of a needle electrode. The 
instrument has four component parts. The first, which 
is left to dwell within the skull, is a very small tube 
of special steel. During the penetrating operation, 
it is passed through on a pointed stalk, with a pro- 
truding tip, and held by a sleeve which slides itself 
into the basic tube of the telescoping teletactic device 
described above. With the basic piece in place, held 
by the pincers on the depth scale, the stalk is pushed 
together with it, through the teguments and the 
bone, by means of a pneumatic hammer. Rotation of 
the stalk, impossible because of the pyramidal shape 
of the point while situated within the bone, can be 
effected by a tangential drive applied to the handle 
as soon as the point penetrates the internal table. 


12. The topometric chart, basic document of stereo- 
taxic observation. — ANTOINE REMOND and P. 
AUBERT, Paris. 


The draft constituting the ‘‘topometric chart’’ 
is elaborated in the following manner: 

The horizontal plane of the stereotaxic apparatus 
in use is drawn on a sheet of tracing papers.! On 
the sides of the rectangular field spaces are reserved 
having the same dimensions as the radiological films 
being used (9 x 12). The centering of these spaces 
corresponds exactly to that of the radiological films. 
By means of a transparent drawing table there are 
traced in these spaces images read from the different 
films taken for each subject. Thus, there is built up a 
series of drawings showing anterior, posterior and 
lateral aspects of the ventricular system, and of cer- 


1 ‘Nouveaux perfectionnements a l’appareil stéréotactique.”’ 
(New Improvements to the Stereotactic Apparatus.) Rev. 
Neurol., 1951, 6: 573-576. 
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tain bony points, such as the sella, the position of the 
burr-holes, ete. 

All the interesting points shown on the accu- 
mulated drawings are then projected orthogonally, on 
lines representing the tracing of the stereotaxic frame. 
The points obtained in this manner are then taken 
in a conic projection by means of a scale built for 
this purpose, tracing converging straight lines, with 
a length of approximately 60 cm. between them, 
and the point of projection of the radiological focus 
on the horizontal plane. The drawing then reas- 
sembles and coordinates three images of the in- 
teresting studies, a frontal view, a lateral view, and, 
finally, a horizontal view, reduced from the others, 
and situated in the middle of the drawing. From then 
on each interesting point may be affected by three 
figures of coordinates with which their relation may 
be prepared with precision. In particular, it will be 
possible to recognize the geometric relations of dif- 
ferent intermediary points in the traject of the needle 
(stations of stimulation, of registration, of coagula- 
tion) with the outlines of the ventricles and the 
probable site of the nuclei through which the traject 


has passed. 


13. Presentation of new electrodes for corticographic 
recording. — J. LEBEAu, R. LECAsBLE, M. Don- 
DEY and A. RIPOcHE, Paris. 


14. New headgear and electrodes for electroenceph- 
alographic recording. — G. and G. Drosso- 
POULO and P. CHANOIT, Paris. 


15. The EHP 58 System. Electrode harness place- 
ment for electroencephalographic recording. — 
ANTOINE REMOND and ROLAND DELARUE, Paris. 


The initial problem of this system was to increase 
the spatial determination of electroencephalographic 
registrations by decreasing the inter-electrode distance 
used during standard examinations. The EHP 58 
System corresponds to a division by two of the usual 
inter-electrode distance employed by most laboratories. 
It thus permits longitudinal recording lines of 8 
bipolar derivations from 7 electrodes. In order to 
give the transversal montages derivations having inter- 
electrode distances close to those of the longitudinal 
montages, the EHP 58 System provides 9 longitudinal 
lines of 9 electrodes. Since these 9 lines are disposed 
on the cranial half-sphere, and not on a square, the 
whole will benefit from a remarquable economy in both 
frontal and occipital poles, and in such a manner 
that the number of cranial electrodes in this montage 
is only 57 instead of 81. An extra-cranial electrode, 
for the nose, cheek, or chin, is provided for the purpose 
of being used as a common reference. Thus the total 
number becomes 58 electrodes. 

Placing is made in a geometrically regular fashion 
between the inion on the one hand, posteriorly, and the 
nasion, on the other hand, anteriorly. The lignes of 
electrodes are symetrically placed on each side of a 
central median line. 

The position of the electrodes on the skull is given 
automatically, thanks to an elastic harness made up, 
in fact, of 9 longitudinal rubber bands forming a 
bonnet, whose length, as well as spacing, can be 
adjusted. Hooking up of this harness is made by 
means of two ties coming from the occipital region, 
bending over under the chin, and fastening on to 
hooks the level of the temporal region. 
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_ The electrodes of the EHP 58 System are carried 
in a permanent fashion by the harness. Each electrode 
is introduced into a buttonhole shaped opening, and 
the potentials are collected by silver wires placed 
within plastic tubes sliding along the axis of the 
electrodes. At the time of use these tubes are filled 
with a contact paste, and are pushed against the 
scalp. A mandril which is also pushed through the 
tube can draw the paste to or from the skin, thus 
making it possible to obtain a very low contact 
resistance by rapid, light rubbing. 


16. The practice of quantitative electroencephalo- 
graphy. — ZENON DrRouHOCcKkI, Paris. 


The level of cerebral electrogenesis is measured 

automatically, and is recorded in the form of figures, 
by the Dohocki Integrator (C.N.R.S. Patent). 
_ In the waking and relaxed state each territory has 
its own level; this level varies from one subject to 
another, but remains invariable for the same subject: 
Individual and Territorial Constant.‘ The result is 
an individual topography of the electrogenesis, per- 
mitting the objective comparison of activities on dif- 
ferent territories. 

Different physiological, pathological and pharma- 
cological factors may provoke significant modifications 
of this level. These modifications are compared to the 
initial state (constant), and noted objectively in the 
form of figures. The intensity, the meaning and the 
duration of these modifications vary according to the 
explored territory. Any change in the electrogenesis 
may be represented in the electrochronogram of the 
brain (abscissa: time; ordinate: level). This synthetic 
graph enables a rapid objective interpretation. 

This method allows, for the first time, an exact 
and continuous comparison of cerebral electrogenesis 
with other quantitative phenomena, such as glycemia, 
oxemia, basal metabolism, ete. This method also 
permits rapid recognition of certain anomalies, ob- 
jective determination of modifications induced by 
drugs, and the detection of the influence of ionising 
radiations with a greater sensitivity and objectivity 
than those of the classical methods. : 


17. The possibilities and limitations of frequency 
analysis. — H. FiscHGo.p, G. JoLIvET-NEUVILLE, 
C. MILLERET and P. Maruis, Paris. 


The authors do not deal here with the history 
of frequency analysis, which is considered elsewhere. 

In over ten years that this subject has oceupied a 
place of interest different types of apparatus have 
been conceived. All have presented difficulties as 
much from the point of view of their utilisation as 
from the interpretation of results. Until now the 
analysers have necessitated full time electronic tech- 
nicians for permanent adjustments. It has always 
been difficult to collect, integrate and condense the 
results. 

The apparatus used by the authors, built by Mr. 
Milleret, is based on Fourier’s principle. It takes 
from a given chain the signal for analysis, during 
a period of 5 or 10 see., which is compared to 16 
chosen fixed sinusoidal frequencies. To each of these 
basic 16 frequencies there are 16 corresponding im- 
pulses on the record of the analysis, appearing in :¢ 
determined order: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13%, 
16, 20, 24, 28. Each frequency is inscribed, with its 
height proportional to its relative importance in dura- 
tion and amplitude. 
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A control system permits the reinjection of all 
frequencies on each derivation, thus permitting to 
check on the proper functioning of the apparatus. 
Handling of the apparatus is easy and dispenses with 
the need for a long training period, or daily ad- 
justments. 

Limitations of Utilisation: Only conditions which 
are stable, or relatively durable, can be studied in- 
asmuch as, by definition, only a phenomenon of ap- 
preciable duration may be mathematically analysed. 

A system of automatic regulation of gain has 
been established on the apparatus to avoid variations 
of voltage; its effect is satisfactory for slight changes 
of amplitude, but it causes difficulties when there are 
sudden large modifications of voltage. When the 
reading passes from a low voltage to a considerable 
one there is an overloading of comparison circuits for 
a length of time equal to the constant of the time of 
regulation (2 sec.). Because of this, the first se- 
quence is not reestablished in exact fashion. In the 
same way, when passing from a high amplitude to a 
lower one, the disturbance from lack of gain is in- 
creased in time by a difference proportionate to the 
increase in the difference of voltage. It may be up to 
10 see. 

Finally, the last point to be considered, and pro- 
bably the most important one for the future, is the 
use of the results; it is almost impossible to make 
a complete analysis of a reading, to follow the varia- 
tions of the 16 frequencies during a recording of 20 
min. and to total the results. 

Clinical Applications. The authors study the 
fluctuations of the waking state, from sustained 
attention, through sleep, and confusion, to coma. 
Here, all the frequencies that the apparatus can 
supply are used. 

There are other cases (and it is probably there 
that lies the major interest of the analyser) where the 
information that is given concerns essentially the 
fluctuations of the alpha band or of the higher 
frequencies. It tends then to explore a domain which 
escapes the classical qualitative electroencephalo- 
graphy. 

The authors give a few examples illustrating the 
interest of their method: fluctuations of alpha, fre- 
quencies sliding in function with attention, mental 
effort, or different stimulations. They foresee pos- 
sible applications in the field of pharmacodynamics. 


18. Carotid compression and its EEG response in 
cerebral neoformations. — A. GARDE, A. Four- 
NET and J. LANTERNIER, Lyon. 


The authors define the EEG response of carotid 
compression as being the appearance on the recording, 
at the 10th - 15th see. of compression, of slow waves, 
3 to 4 per sec., predomination on the hemisphere 
homolateral to the compression, and independent of 
any parallel cardiac phenomenon. These phenomena 
are usually accompanied by clinical signs: alteration 
of consciousness with unilateral or bilateral clonic 
movements of upper limbs. 

While looking for this response in patients sus- 
pected of having carotid thrombosis or functional dis- 
orders the authors observed it four times in cases 
which were ultimately proven to have brain tumor: 
twice the response was on the opposite side to the 
tumor, once it was bilateral, and once it was on the 
same side. 


They specify that: 
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(1) this response to carotid compression is not 
always synonymous of thrombosis or of a functional 
disorder without organic lesion, whose exact patho- 
genesis is not known; 

(2) it is possible that there is a coincidence since 
the positive response is high (52 cerebral responses 
without cardiac manifestations in 419 compressions) ; 
but they also think that the signs of cerebral suf- 
fering due to the expansive process are exaggerated, 
and sometimes revealed, by the ischemia which is pro- 
voked by the carotid compression. 


19. The special interest of sleep as a method of in- 
vestigation in children. — M. A. Levy-ALcover, 
Paris. 


Fifty-seven children aged 1 to 15 years, and 
having normal waking patterns, showed: motor sequels 
of infantile encephalopathies (37 cases); febrile con- 
vulsions (11 cases) ; behavior disorders (9 cases). 

The study of sleep patterns showed: anomalies of 
physiological pictures: bursts of drowsiness and 
arousal that were of too high voltage and too spiked; 
spindles that were of high amplitude and too sharp; 
and repetitive rolandic spikes. 

Alterations: spiked slow bursts; spikes; spike and 
waves. 

Conclusions : , 

(1) No matter what the clinical condition in these 
57 children, 53 had their EEG pattern altered by 
sleep: 52 times while falling asleep; 4 times during 
deep sleep; and 28 times on arousal. 

(2) What procedures should be taken with these 
children ? Should one base oneself simply on the 
normalisation of the waking pattern to desist from 
or to cease giving treatment (motor sequels), to de- 
crease treatment (febrile convulsions), or to not give 
any treatment at all (behavior disorders) ? Or should 
one take into consideration the changes during sleep, 
and treat these children, or modify their treatment ac- 
cording to the progress of these alterations ? If the 
recorded changes are of an epileptiform pattern, what 
prognostic value should be accorded to them ? 

The author feels that the therapy should be start- 
ed only in the ease of increase of these changes, or 
of appearance of epileptiform manifestations: these 
alterations do not necessarily mean that epileptic sei- 
zures will eventually appear. 


20. Polygraphy of sleep. — B. A. ScHwartz, C. 
DreyFus-BrisAc and H. FIscHGOLD, Paris. 


The polygraphie study of Nembutal-induced sleep 
was practised in a different manner in two cases 
presenting different problems: problem of memory 
of sleep; and problem of perception and of the mean- 
ing of stimuli occurring during sleep. 

(1) The memory of sleep was absent in one pa- 
tient complaining of intractable insomnia. Her EEG 
record and the information supplied by the indicator 
of the state of responsiveness revealed the reality of 
the sleep which the patient denied, having being either 
unable or unwilling to retain the memory of falling 
asleep, of sleep itself, or of waking. 

(2) The meaning of the stimuli appeared in the 
examination of a right hemianesthesia which seemed 
to be of a hysterical nature. The reactivity of the 
waking pattern to somesthetic stimuli was barely ap- 
preciable; however, that of the sleeping pattern was 
quite manifest; the arousal reactions, diffuse and 
symmetrical, were clearly more marked when the stim- 
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ulations were carried on the side of the hemianesthesia, 
as compared to the unaffected side. The information 
(the stimulus) did not appear to have the same mean- 
ing for both sides. 


21. Polygraphy of sleep under biochemical control. 
— G. and J. Verpeaux, E. SCHULLER and R. 
BonnafE, Paris. 


22. Recording of reaction time in clinical EEG. — 
D. SAMSONn-DoL_Fus (Rouen), H. FiscHGoLp and 
F. M. Hauser, Paris. 


The authors have applied the method of reaction- 
time to two categories of patients: 


(1)In patients whose records showed paroxystic 
alterations (accompanied or unaccompanied by clin- 
ical manifestations) they tried to clarify the possible 
significance of disturbance of reply to signal (delay 
or absence): in some cases this was due to a global 
sensori-motor slowing; in other cases perception of 
signal was conserved, but it was ‘‘impossible’’ to 
execute the motor act; and finally, loss of conscious- 
ness often seemed complete. 


Questioning of the patient at the end of the sei- 
zure gave some interesting information as to the inter- 
pretation of these disorders, in particular of percep- 
tion or non perception of the signal. Certain cases 
where a command given during a seizure was executed 
only after it was over, pointed out a dissociation be- 
tween the sensory perception and the ‘motor response. 
Absence or disturbances of the response appeared to 
be favoured by: repeated high amplitude spikes; ex- 
tension of the field of spikes on the surface of the 
scalp; the carrying-on of the seizure: the onset is 
more often accompanied by a suppression of response 
than the middle or the end. 


(2) Using the same method, but with a totally 
different aim, the authors studied the reaction-time 
in patients suffering from different cerebral lesions, 
often confused or aphasic, whose records frequently 
showed dysrhythmia (generalised or localised), and 
at times disturbances of reactivity. The possibilities 
of training, of memorising and of discrimination oc- 
cupy prime importance here. It is interesting to note 
that the recording can be modified during the test 
itself, which seems to justify the study of correla- 
tions between these tests of speed, training and dis- 
crimination, and concomitant modifications of rhythms 
and of reactivity of the recording. 


23. Concerning a special technique for stimulation 
that can be used in ordinary EEG. An attempt 
at systematisation of functional criteria. — L. 
MicuHAupb, E. Meurice and G. LELorp, Paris. 


This work is inspired by the usual grouped tech- 
niques of EEG reactivation according to certain Pay- 
lovian factors. The subject is sheltered from sound 
and light. Simple and combined stimulations are suf- 
ficiently spaced in time. Thirteen subjects were 
examined during six sessions, two without treatment, 
two with Gardenal, two with Largactil. Seventy- 
eight recordings were made. 

Different criteria were established and evaluated 
numerically for each recording: type of recording, 
reactivity to stimulation (and especially the duration 
of consecutive flattenings which can vary from a few 
seconds to a few minutes), adaptation to stimulations, 
appearance of signs of sleep. 
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The action of drugs varies according to the stim- 
ulation being used and the type of recording. The 
blocking reaction at stimulations, given in a regular 
manner (sound, light, combinations of both) is ex- 
tremely decreased by Gardenal, and little changed by 
Largactil. The blocking reaction at stimulations which 
cause surprise is decreased by Largactil and by 
Gardenal except on records with a stable alpha where 
Gardenal increases the flattening. Startle is much 
diminished by Largactil. 

EKG signs of sleep are frequently observed under 
experimental conditions. They appear earlier on re- 
cordings where stimulations only bring about a brief 
consecutive action. Paroxysms during sleep also ap- 
pear on this type of recording. Grouping and system- 
atic numerical study of certain criteria of reactivity 
permits the precision of the order and the importance 
of stimulations, the method of drug action and the 
definition of the type of recordings in the waking 
state and in EEG sleep. 


24. Intermittent slow (1/sec.) and prolonged sound 
stimulation in EEG. — CLaupE Leroy, Paris. 


‘*Boredom was born one day out of Uniformity’’: 
this fact was rediscovered by Pavlov, in animal. Fol- 
lowing this, clinicians adopted the metronome as a 
means to facilitate falling asleep during sleep cures. 

The author has chosen the frequency of one click 
per second, supplied by his ‘‘Epiphote’’ stimulator, 
and having a greatly sonorous intensity in order to 
overcome parasite surrounding sounds. 

This physiologic procedure gives at the end of 
6 to 30 min. of stimulation, in most subjects, a variable 
and fluctuating state of drowsiness; deep sleep is 
rarely obtained. It is then striking to see how sen- 
sitive the subject becomes to other uncertain or weak 
voluntary stimuli, and the recording of EKG, RED, 
of respiration, of vertex spikes, is interesting. 

Specifie responses of brain to sound could not 
be observed, but it was possible to note first the 
startle and the vertex spike, then the sound rapidly 
lost all meaning, became indifferent, boring, and final- 
ly put the subject to sleep, modifying ‘‘by internal 
inhibition’’ the entire cerebral functioning of waking 
and sleeping states. 

Psychomotor epilepsies are remarkably activated 
by this technique, as are those with a factor of mental 
confusion. It is interesting in all patients who have 
disturbances of awareness. In restless children, dif- 
fieult to record, it is possible to obtain tracings of 
a quality that could not be attained spontaneously. 

The first attempts were made, somewhat hazardly, 
in epileptic cases, in deteriorated, confused or hys- 
terical patients, and in a certain number of retarded 
children. Interesting results were obtained in more 
than one third of the cases. 

This simple, physiological procedure seems there- 
fore of both practical and theoretical use in the 
studies of sleep, pre-sleep, and habituation. 


25. Focalised critical electrographic discharges in- 
duced in man by intermittent photic stimulation 

in the posterior regions of the scalp. — R. 

NAQUET, L. FEGERSTEN, J. BERT and B. Car- 

CASSONNE-MOTTEZz, Marseille. 

Foecalised critical electrographic discharges may 
be set off by intermittent photie stimulation alone. 
These discharges start at the temporo-parieto-occipital 
crossroads. In order to appear, the intermittent photic 
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stimulation must provoke evoked potentials of large 
amplitude in the posterior regions of the scalp, and 
there should be either an irritative hemispheric lesion 
of the same region, or generalised spike and wave 
discharges, evoked by the photic stimulation. 


Electro-clinical correlations were realised in 12 
eases. The critical discharge always precedes the ap- 
pearance of the first clinical sign, and the induced 
seizure may take on the aspect of a totally new type 
of paroxysm for the patient. Some of these seizures 
may remain sub-clinical. These discharges are formed 
by rhythmic spikes, distributed on only one hemi- 
sphere, in the region of the temporo-parieto-occipital 
crossroads, they may remain quite localised, or may 
spread forward. Often they will last a long while. 
They tend to facilitate the appearance of generalised 
spike and wave discharges when these existed pre- 
viously. 

The authors agreed that in the setting off of 
these discharges two factors come into play: (1) the 
arrival of specific afferents. This condition permits 
the placing of these seizures in the category of so- 
called ‘‘reflex’’ epilepsies; (2) the existence of cor- 
tical hyperexcitability which may be either diffuse, or 
localised to the same crossroads region, and which 
then depends upon certain conditions due to the spe- 
cial vascularisation of this area. 


26. Critical focalised electrographic discharges, not 
provoked by intermittent photic stimulation, 
and recorded in the posterior region of the 
scalp. — R. Naquet, L. FEGERSTEN and W. 
G1Bson, Marseille. 


The authors report a few observations where 
critical electrographic discharges, starting in the 
temporo-parieto-oceipital crossroads, were recorded 
spontaneously and without the use of intermittent 
photic stimulation (IPS). In these cases IPS did 
not cause any important driving in the posterior re- 
gions and did not cause the appearance of generalised 
spike-and-wave discharges. 

These cases are very rare, however their number 
is increasing if one adds the seizures which appear 
after injection of a convulsant substance. In this 
last instance IPS may play a contributing role. 

Electroclinical correlations were realised in 12 
eases. The critical discharge always preceded the 
appearance of the first clinical sign; some may be 
sub-clinical; some visual signs may appear: phos- 
phenes or signs of deficiency, or hemiclonic movements 
when the discharge moves forward. The electroclinical 
characteristics are similar to those described by Na- 
quet and col., in 1958. 

The authors insist upon the frequent absence of 
clear focal etiology in the patient’s history, on the 
frequency of their occurrence in subjects over 40 years 
of age. 

They discuss the possible mechanism: is it a dis- 
charge that is propagated to this region? Is it a 
particular property of the cortex of this crossroads 
area ? Or is this due to the sequels of organic or 
functional vaseular disorders ? 

The authors are in favor of this last hypothesis, 
basing themselves on personal experimental results, 
and anatomo-pathological confrontations. 


27. The problem of occipital localisations in the 
child. — C. BLanc, M. REBUFAT and C. DREyYFus- 


Brisac, Paris. 


Two hundred cases of children presenting uni- 
lateral occipital electrographic anomalies are studied 
in this work. The observations are divided into two 
groups: Group I: children under 3 years of age, who 
were all recorded during sleep; Group II: children 
aged 3 to 15, studied while awake. 

Transversal studies (200 cases) and longitudinal 
studies (100 cases) are simultaneously practised to 
clarify exactly the numerical distribution of observa- 
tions according to the clinical syndromes, and to bring 
out the different progressive aspects. 

Under the age of three, foci of spikes are pre- 
dominant in the sub-group of infants with afebrile 
convulsions. Foci of delta activity are observed dur- 
ing deep sleep in children recorded during pathological 
manifestations of widely varying etiology (all types 
of convulsions, and gross organic brain disease). They 
are particularly frequent in the post-critical period 
of infantile convulsions. Accent is placed on the 
prognostic value of delay of ‘‘resorption’’. Different 
progressing types are defined: resorption, temporal 
migration, transformation to paroxysms, stability, 
transformation of polymorphous delta rhythms to 
spikes or spike-and-waves. 

In group II 59 per cent of occipital foci were 
observed in epileptic cases and 41 per cent in different 
syndromes without convulsive manifestations. Foci of 
polymorphous delta activity in the post-critical period 
regress and transform to spikes and spike-and-waves. 
They do not have any neurosurgical significance but 
call, nevertheless, for usual safety measures of explor- 
ation. They predominate in the sub-group of grand 
mal seizures (40 observations in 59 cases of epileptic 
seizures). 


28. Electro-clinical elements concerning the evolu- 
tion of the Petit Mal absence. — R. PAssouaAnrt, 
J. CapitHac and E. Moretti, Montpellier. 


29. Electroencephalographic aspects of tonic seizures 
provoked by a sub-tentorial tumor (Cerebellar 
fit). — R. Gonsettre, G. ANDRé-BALISAUX and J. 
CoL_LeE, Louvain. 


The authors describe the electro-clinical correla- 
tions in a patient presenting cerebellar fits, and for 
whom several EEG’s were recorded. 

Clinically there were seizures of rigidity, followed 
by loss of consciousness of short duration. 

From the EEG point of view a burst of gen- 
eralised delta waves precedes an important muscular 
activity which follows, after a brief flattening of the 
recording with new slow waves. 

Tonie seizures without unconsciousness were also 
observed, and their EEG activity is described. 


30. Study of the electroencephalographic reactivity 
after removal of cerebellar tumors. — M. 
STERIADE, Bucharest. 

The author presents 14 cases operated for expand- 
ing lesions that were strictly intra-cerebellar, whose 
EEG recordings were followed for a long while after 
rather wide removal of the cerebellar portion invaded 
by the tumor. It was possible, in this manner, to study 
the cases during the period of clinical compensation, 
the operative shock and the intra-cranial hypertensive 
syndrome having completely disappeared. 

The phenomena of bioelectric asymmetry usually 
start 3-4 weeks after removal of the tumour, in the 
adjacent part of the cerebellum, at the time when 


394 SOCIETE D’EEG ET DES SCIENCES CONNEXES DE LANGUE FRANCAISE 


the effects of operative shock are beginning to dis- 
appear. In those cases where the basic rhythm, prior 
to the operation, showed a bio-electrical asymmetry 
(predominance of slow waves in the opposite side to 
the tumour), this asymmetry persisted and could 
become even more marked, the slow oscillations be- 
coming more ample and more irregular. But what 
must be underlined (because of its localising value) 
in comparison to the state of diffuse disorder before 
the operation, is that even in the cases where the 
rhythm was diffusely perturbed before, removal of the 
cerebellum eventually caused what was usually a very 
marked asymmetry, and at a time quite distant to 
the operation. This asymmetry was characterised by 
the appearance of slow or spiked activity, of higher 
amplitude and far more irregular in the cerebral 
hemisphere on the opposite side to the cerebellar re- 
moval, as well as by a facilitation to the flicker 
response on the same controlateral derivations to the 
cerebellar removal. 


31. A new note on the interest of serial electro- 
encephalographic recordings for the post-opera- 
tive follow-up of brain tumors. — S. Tuiry, 
M. TINANT and M. Farina, Liége. 


32. Electroclinical study of 94 observations of ep- 
ileptiform manifestations occurring in the first 
two weeks after a closed head injury. — M. R. 
CoTTe and J. Courjon, Lyon. 


From a clinical point of view it was noted that 
half these cases had generalised seizures, and the 
other half had partial motor seizures. 

The localised electrical anomalies were of two 
types: permanent delta slow waves corresponding 
most of the time to a focus of contusion, the sponta- 
neous evolution of which was most often favourable, 
and localised microvoltage which signified either.a 
very serious brain-damage or an intra-cranial hema- 
toma. 

The recording of nine critical activities, accom- 
panied or not by clinical manifestations, enabled the 
precision of the point of departure of the seizures and 
the discovery of three intra-cerebral hematoma. 

The global manifestations of the recording were 
related to the disturbances of awareness (vigilance) ; 
only the study of the mode of reactivity to sensorial 
stimuli permitted bringing into evidence the signs of 
localisation. 

It is indispensable to have the EEG and the 
arteriographie findings in order to arrive at an exact 
diagnosis of the lesion. 

These early seizures do not influence the immediate 
vital prognosis in an important way, but appear to 
increase the risk of consecutive epilepsy, inasmuch as 
ten of the seventy-eight survivors eventually had sei- 


zures. 


33. The electroencephalogram of familial leuco- 
dystrophy. — E. Cricuer and I. Pomici, Bu- 


charest. 


This report concerns two brothers aged 7 and 4 
years with a familial leucodystrophy of an inter- 
mediary type between the Krabbe type and the 
Scholtz type. The illness of the first one started at 
the age of 1 year, the symptoms being first mental 
retardation and then disturbances of the gait. The 
course was progressive. At 7 years the mental level 
was that of a two or three year old. He also had a 


bilateral pyramidal syndrome as well as a_paleo- 
cerebellar syndrome. The second child, a littie girl 
of four had this illness since the age of three. Motor 
disorders are most important, progressive, character- 
ised by the same bilateral pyramidal and cerebellar 
syndrome. There is slight mental retardation. There 
are no convulsive manifestations. C.S.F. studies are 
normal in both. The electroencephalogram of the boy 
is characterised by the presence of synchronous bi- 
lateral discharges, of hypersynechronous waves or of 
atypical spike-and-wave patterns aggravated by Lar- 
gactil and by barbiturie sleep. In the little girl’s 
ease Largactil caused the appearance of bursts of 
sinusoidal waves, and barbiturie sleep caused par- 
oxysms of spikes and slow waves. In both cases noise 
brought about discharges that have no clinical counter- 
part. The importance of modifications of cortico- 
reticular relations is discussed as regards the ap- 
pearance of the electrical disorders. 


34. Epileptic and electroencephalographic correla- 
tions of facio-mandibular dysostosis: Frances- 
chetti’s disease. — M. L. GAyra., B. PoutTan- 
SANT and Mme J. GayRAL, Toulouse. 


Facio-mandibular dysostosis is a congenital mal- 
formation consecutive to a disorder of embryonic 
development of the derivatives of the first branchial 
arch. The main symptoms are the anti-mongoloid 
obliqueness of the slit of the eyelids, the anomalies of 
the maxillary bones and of the opening of the mouth, 
malformations of the ear-lobe, of the external auditory 
canal and the teeth, blind fistula and papillomatous 
growths on the cheeks, and often mental retardation. 
Out of eight cases observed only one ease of epilepsy 
was noted, with convulsions in childhood and seizures 
at an adult age. Epilepsy is rare in this disease. Out 
of 6 EEGs recordings there were 4 normal recordings, 
and 2 abnormal, slow at 4 ¢/see. with burst of 3-2 
e/sec. in the epileptic child, and a recording without 
regular alpha progressing around 5/6 ¢/sec. with tem- 
poral spikes in another. It is concluded that epileptic 
signs are rare in this disease unlike the other cranio- 
facial malformations where epilepsy is frequent. A 
distinction must be made between the transversal mal- 
formations, such as the facio-mandibular dyostosis 
(transversal dysgenesis), which respects the encephalic 
buds, and the vertical malformations (notably dys- 
raphias), where the encephalic buds are affected, and 
the epileptic manifestations and EEG anomalies are 
frequent. 


35. Epileptic and electroencephalographic correla- 
tions of the discoid face and of the rhizomegalic 
morphological structure. — LL. GayraL, M. 
Bacciocni and B. PouTANSANT, Toulouse. 


The discoid face is a facial anomaly that is char- 
acterised by a special widening and flattening of the 
face which is determined objectively by particular 
ratios between the remarkable diameters of the face. 
This type of face is accompanied by a particular type 
of body shape, the rhizomegalic structure, with widely 
developed shoulders and hips, the limbs being short, 
and fat at their proximal ends. This morphology also 
corresponds to hormonal characteristies; hypophyso- 
adrenalo-ovarian hyperfunctioning with arterial hyper- 
tension, menopausal virilism, a tendency to the ap- 
pearance of a degraded form of Cushing’s disease. 
It is heredo-familial. The occurrence is about 3 per 
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cent. Out of 22 cases 2 cases of clinical epilepsy were 
noted. Thirteen cases had EEG’s, with 8 normal cases 
in young people. Out of the 5 abnormal recordings, 
4 were of patients over the age of 54: two were flat 
and rapid (11 and 13 ¢/see.), one was slow, of low 
voltage and asymmetrical, and one was very irregular 
with periods of slow waves (4 ¢/sec.). These anomalies 
in elderly patients appeared to be consecutive to 
hormonal and metabolic disorders, accentuating with 
age, in patients with a rhizomegalic structure. It is 
also noted that the EEG anomalies are of the same 
type as those described (Trethowan) in subjects suf- 
fering from Cushing’s disease. 


36. Influence of ocytocin on the electroencephalo- 
gram of the rabbit. — J. Faure, P. LotsEAu and 
C. FRICONNEAU, Bordeaux. 


The problems that are studied are complementary 
to the preceding problems posed by prolactin-luteo- 
trophin (LTH). Fifteen rabbits were studied with 
an extractive solution composed of ocytocin, one- 
twentieth of vasopressin, and adiuretin. The doses 
were: 0.1-0.3-0.7 iu. The general sense of the devia- 
tion of the cortical electro-activity is a reduction 
of amplitude, an increase in rapid frequencies and a 
lowered organisation. The analyses of positive fre- 
quencies, the results of these stimulations show that 
the antero-medial hypothalamus, at the level of the 
medial eminence, section A 1 of Sawyer, the rhin- 
encephalon, the reticular substance of the brain-stem, 
are activated by ocytocin. The study of 40 guinea- 
pigs confirms the existence of multiple interactions 
between ocytocin and LTH, these influences of the 
two principals being at times complementary, at times 
opposed. 


37. Influence of prolactin-luteotrophin (LTH) on 
the electroencephalogram of the rabbit. — J. 
FAuRE and C. FRICONNEAU, Bordeaux. 


The authors consider the aspects of the neuro- 
hormonal regulation capable of explaining menstrual 
deviations and the action of Reserpine on the endo- 
erine glands. Since LTH has a variable action accord- 
ing to the species, the experiment must free a pure 
pharmacodynamic influence acting on the nervous 
system from a neutral organism escaping the reactions 
introduced by a lactogenic or luteotrophie effect. The 
rabbit fullfils these conditions. Eighteen rabbits re- 


ceived suitably varied doses of a lactogenic and luteo- 
trophic preparation (polygraphic studies: the chronic- 
ally wakened animal, intracerebral electrodes, fre- 
quency analyses, stimulations by rectangular impul- 
sions, histology). LTH brings about: spindles of slow 
ample sinusoidal waves increasing and decreasing, 
mixed activity of lower amplitude between the spindles. 
The premamillary and medial latero-tuberal hypo- 
thalamus, and the diffuse recruiting system of the 
thalamus are electively solicited. This action, found 
again in the guinea-pig, a species with a cyclic corpus 
luteus, seems to be general and is due to the electro- 
chemical effect of the amino-acids of the LTH 
molecule. 

It is suggested that a principle similar to the 
LTH exerces, at a certain moment in the menstrual 
cycle, a regulator influence compensating the di- 
encephalie action of the gonadotrophins of the first 
phase of the cycle, and that relations of Reserpine- 
serotonine-LTH explain the lactic secretion of Re- 
serpine therapy. 


38. Contribution of the EEG to the study of mono- 
zygotic twins. — M. BEAuSSART, R. DELLHAY and 
M. Fonran, Lille. 


After a thorough study of the characteristies of 
somatic similarities, five pairs of monozygotic twins 
were investigated. The social levels and the ages were 
quite different (4, 20, 23, 27 and 38 years of age). 

The comparison of the EEG studies, two by two, 
showed an identical type of electrogenesis. This 
identity became more marked as the pattern of the 
recordings receded from the normal. Out of the 4 
pairs of adults the recording was perfectly normal 
just once. In particular, in one instance of clinically 
normal subjects, the EEG contained important par- 
oxystic anomalies brought in evidence by intermittent 
photie stimulation. 

In the couple who only had secondary EEG char- 
acteristics, minor differences between the two re- 
cordings were apparent, and might have been due to 
the action of the surroundings. 

The conclusions of the authors were the same as 
those of Lennox and Gibbs, who are particularly in- 
terested in the EEG of twins: (1) the type of brain 
waves represents a hereditary characteristic; (2) the 
EEG recordings éan be utilised in the study of human 
genetics and can be taken as a criterion for the 
diagnosis of monozygotism. 
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1. Effect of cholinergic blockade and cholinergic 
drugs on cortical responses to deep and direct 
stimulation. — R. M. Morre.t, Halloran Vet- 
erinary Hospital, Staten Island, N.Y. 

Previously unreported experiments showed the 
existence of recurrent inhibition in the cruciate cortex 
of dogs. Since this was blocked by dihydrobetae- 
rythroidine (DHE), atropine and strychnine, but was 
enhanced by acetylcholine and eserine, it was post- 
ulated that there were cholinergic synapses located in 
layers III and IV between primary axon collaterals 
and inhibitory interneurones (a slide will be shown 
demonstrating this). 

Monopolar electrocorticograms following deep stim- 
ulation (1.2 mm.), and responses to direct cortical 
stimulation were recorded during administration of 
DHE, acetylcholine, and eserine, to dogs lightly an- 
esthetized with Nembutal. Deep stimulation produced 
arousal reversible by DHE. Acetylcholine produced 
arousal reversed by eserine. DHE without stimulation 
produced slow activity. Direct cortical stimulation il- 
lustrated a decreased amplitude of the surface neg- 
ative wave during the acetylcholine and eserine effect 
described above, and increased amplitude during DHE 
effect. Records from these and other experiments of 
a similar nature, with comparable results, will be 
shown. ; 
It is suggested that cholinergic inhibitory inter- 
neurones of dog cruciate cortex participate in cortical 
arousal by interrupting, through hyperpolarization, 
the synchronized (slow-wave) activity which may re- 
present intrinsic rhythmicity of the post-synaptic 
membrane. Graded inhibitory activity would then be 
of considerable importance in ‘‘setting’’ the level of 
cortical firing. 


2. Ammonium carbonate intoxication in the rat. 
— R. Coun and T. R. Utsnarer, U.S. Naval 
Hospital and Naval Medical Research Institute, 
Bethesda, Md. 

We have been able to show that ammonium ¢ar- 
bonate injected intravenously in the rat produces 
direct changes in cortical activity. The direct changes 
consist of decreased amplitude of electric output and 
a progressive slowing of the basic oscillations, This 
direct action is in close correlation with the measured 
acetylcholine content of the rat’s brain. 


3. Observations on the convulsant action of some 
anti-vitamin Be agents (cats). — G. M. BurR_Lo, 

J. T. Dantets and I. K. GotpBerGc, EEG Lab- 

oratory, Dept. of Neurosurgery, N.Y.U. Post 

Graduate Medical School, Bellevue Medical 

Center, New York, N. Y. 

Experiments were performed on 24 unanesthetized 
succinyleholine-paralyzed cats primarily to determine 
the site(s) of action of desoxy-and methoxypyridoxine 
(40-50 mg/kg. i.v.). Subcortical regions explored in- 


cluded the caudate, thalamus and ponto-mesencephalie 
reticular sites. In most experiments the earliest elee- 
trographic alteration induced consisted of a sustained, 
generalized activation pattern which was abruptly 
terminated by the development of generalized par- 
oxysms, recorded in all areas. Occasionally high volt- 
age discharges were detectable in caudate or reticular 
leads during inter-ictal periods, but rarely were pre- 
cise temporal relations observed which could be inter- 
preted as indicating a preferential site of drug action. 
Subsequent injections of pyridoxine hydrochloride (50- 
400 mg/kg. i.v.) did not significantly alter the inten- 
sity or frequency of the induced seizures. At very 
high concentrations (600-1000 mg.) pyridoxine hydro- 
chloride abolished all electrocortical activity ; pre- 
sumably secondary to a ‘‘eardiotoxic’’ action as 
evidenced by profound electrocardiographiec changes. 
Strychnine increased the frequency of intermittent 
discharges recorded in the brain stem whereas cortical 
activity was ‘‘suppressed’’. It is coneluded: (1) that 
the various metabolic alterations induced by desoxy- 
and methoxypyridoxine which result in the develop- 
ment of generalized paroxysms occur diffusely in 
the C.N.S., and (2), may not be entirely attributable 
to a simple competitive antagonism of pyridoxine by 
desoxy- or methoxypyridoxine. 


4. Study of cerebral excitability and behavior in 
the monkey after administration of iproniazid 
(marsilid). — J. M. R. DELGADo and H. Hor- 
MANN, Departments of Physiology and Psy- 
chiatry, Yale University School of Medicine, 
New Haven, Conn. 

Spontaneous electrical activity, thresholds, pat- 
tern, and spread of evoked afterdischarges were stu- 
died before and after administration of iproniazid to 
monkeys with implanted electrodes. Social behavior 
was also recorded and analyzed. 

Electrical activity. Administration of single doses 
of 100 mg. of iproniazid i.p. caused: (a) an increase 
of slow activity in septal area, thalamus, and _ poste- 
rior hippocampus which persisted for at least 4 hours 
and disappeared in 24 hours, (b) an increase of 
excitability in the septal area and a decrease in the 
amygdala, and (c) a greater spread of evoked after- 
discharges. Single doses of 75 mg. of iproniazid i.p. 
also increased slow wave activity in the thalamus and 
evoked a transitory rise of excitability in the cingulate 
gyrus and thalamus without modifying thresholds of 
area 8, septum, amygdala, and hippocampus. Spread 
of afterdischarges was not changed. Single doses of 
25 mg. did not affect spontaneous electrical activity 
or excitability; daily doses of 25 mg. of iproniazid 
for 10 days caused slow waves in pallidum and puta- 
men, but not in amygdala. Excitability was not 
modified. 

Social behavior. The social behavior of a _per- 
manent colony of 6 monkeys was recorded by time- 
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lapse photography and quantified in time and space. 
One hundred milligrams of iproniazid, given on dif- 
ferent days to different animals, affected the social 
relations of the whole colony and modified specifically 
some categories of behavior of the drugged animals. 
Nestling, active grooming, attacking, and general 
movements were increased, while oral exploration and 
sexual activity decreased; passive grooming was not 
modified. 

The value of this method for the study of psy- 
choactive drugs is emphasized. 


5. Conduction velocities in the fornix of the guinea 
pig. — W. T. Liserson, P. ELLEN and R. Smit, 
Veterans Administration Hospital, Northamp- 
ton, Mass., Rocky Hill Veterans Hospital, Rocky 
Hill, Conn. 

Previous investigations showed that complex sei- 
zure discharges and slow negative complex evoked 
potentials could be recorded on the surface of the 
fornix in the guinea pig. The present investigation 
confirms the possibility of recording negative complex 
potentials from the fornix with microelectrode pipettes 
of 2-3 w in diameter following stimulation with 1 
msec. pulses applied either to the fornix or to the 
opposite hippocampus. The duration of these poten- 
tials vary from 10-25 msec. 

The possibility of recording such slow complex 
potentials from a long fiber structure makes it dif- 
ficult to analyze the distribution of evoked potentials 
in the hippocampus (subject of a previous communica- 
tion). It is, therefore, of interest to submit these 
potentials recorded from the fornix to a detailed 
neurophysiological and possibly pharmacological anal- 
ysis. In this work we have determined the conduction 
velocities in the fornix-fimbria system with two micro- 
electrodes separated by a distance of from 1-3 mm. 
(stimulation from the midline or in the opposite hippo- 
campus). Only in cases when the shapes of the induced 
potentials in the fornix were identical could such 
determinations be made. They indicated that the 
velocity was of the order of 2-4 meters per sec. The 
majority of the recordings, however, did not show in- 
duced potentials of the same configuration even when 
the separation between the recording microelectrodes 
fas only one mm. 


6. Responses to clicks from the human brain. Some 
depth electrographic observations. G. E. CHa- 
TRIAN, M. C. PETERSEN and J. A. LaAzarre, 
Rochester State Hospital, Rochester, Minn. 
Responses to clicks were recorded in 5 human 

patients by means of implanted muitielectrode leads 

from a relatively wide area of the brain including the 
insular cortex and immediate vicinity. 

The responses evoked by single clicks or repetitive 
clicks of a rate lower than 5-7 per sec. are character- 
ized by a discreet, brief biphasie potential initially 
negative followed by a new biphasie variation of 
longer duration. 

Trains of repetitive clicks of rate higher than 
5-7 per sec. provoke the following sequence of events: 
(1) an ‘‘on-effect’’ which is very similar to the 
responses to single clicks; (2) a ‘‘ driving response’’ 
which declines with increasing the repetition rate of 
the clicks and is rather inconspicuous for rates of 
100 per see. or more; (3) an ‘‘off-effeet’’ following 
cessation of stimulation. 

Diotie stimulation is more effective than monotic 
stimulation. Monotie contralateral clicks are markedly 
more effective than monotic homolateral clicks. 


Responses to clicks were recorded also in a coma- 
tose patient. In another patient the responses were 
depressed by moderate and abolished by deep Pen- 
tothal anesthesia. 

The on-effect, the off-effect and the driving re- 
sponse have some differential characters which sug- 
gest that these responses may reflect the activity of 
different systems which may or may not overlap 
topographically. 


7. Brain stem lesion effects on electrically induced 
seizures (electroencephalographic and behavioral 
study)!1, — O. J. Anpy and J. Muxawa, Lab- 
oratory of Experimental Behavior, Division of 
Neurosurgery, University of Mississippi Medical 
Center, Jackson, Miss. 

Problem: What is the effect of acute lesions in 
the brain stem reticular substance, upon seizures and 
forebrain excitability ? 

Technique: In 30 awake eats, electrodes were 
placed in the rostral brain stem reticular substance, 
various limbie system structures and the sensory and 
motor cortices. Electrical stimulation and recordings 
were made with the Grass electrical stimulator and 
electroencephalograph. Electrolytic lesions were made 
with 4 to 7 mA., applied for 15 to 30 see. At various 
intervals during a sequence of induced seizures, one 
to 6 electrolytic brain stem lesions were induced. 
Lesions and stimulations were histologically controlled. 

Results: The major and unexpected result was a 
pronounced, but erratic, prolongation of seizure activ- 
ity. Such effects developed within a few minutes to 
an hour or more after the induced lesion. This con- 
tinued for varying periods of time. The tissue excit- 
ability during this time, as determined by threshold 
studies may be decreased. Cortical and subcortical 
structures appeared to be similarly affected and there 
was no apparent lateralization. Behaviorally, changes 
such as abolishment of ipsilateral facial movements 
and modified pupillary and blood pressure responses 
were noted. In one animal, the forebrain discharge 
activated a response similar to that usually elicited 
from the brain stem structure that was previously 
electrolyzed. 


8. An automatic recognition system for spike-and- 
wave with simultaneous testing of motor re- 
sponse. — R. G. BickFrorD, Mayo Foundation, 
Rochester, Minn. 

The infrequent appearance of the diagnostic 
spike-and-wave discharge in the electroencephalogram 
of some epileptic patients has proved to be a defect 
in the reliability of the EEG diagnoses of this con- 
dition. The high cost of long EEG recording and the 
record analysis problems entailed, has restricted prac- 
tical recording time in these cases to an unduly short 
sample, amounting to about 10 per cent of the 
desirable period. 

To overcome this difficulty, a discriminating 
element whose activation is dependent on the ampli- 
tude and frequency of the input signal, sampled from 
one region of the head, has been employed to switch 
on the recorder only when high amplitude spike-and- 
wave discharges appear, and to hold it on as long as 
the discharge continues. Thus a 12-hour EEG record- 
ing may be represented by a few inches of significant 
record. Furthermore, errors that occasionally result 
from operation of the recorder by a spurious transient 
are easily detected in the abbreviated record. 


1 Aided in part by U. S. P. H. Grant Number (# 5104-B). 
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To increase the probability of correct diagnosis, 
the system has recently been elaborated so that behav- 
ioral data can be sampled at the time of the spike- 
and-wave discharge. This is achieved by: (1) trip- 
ping an automatic camera (Robot) which takes a 
picture of the patient to detect eye deviation, staring, 
etc.; (2) initiating an auditory signal (click) to 
which the patient responds by pressing a lever. Both 
signal and response are included in the record. 


9. Comparative merits of the manual punch card 
system and the standard IBM card for the cor- 
relation of clinical and EEG data. — R. S. 
ScHwaB, J. S. BARLow and J. M. CasotT, Mas- 
sachusetts General Hospital, Boston, Mass. 

Since 1947 we have used the manual punch card 
system to correlate clinical and EEG data. An E-Z 
Sort system card, 5 x 8 inches, with 144 punch spaces 
for single entries was used and only 14% sq. in. was 
available for the typewritten report. The first sheet 
that went into the clinical record was of ordinary 
paper. The stiff card was filed as a suplicate. Dur- 
ing the first 3 years of use with 9,000 cards the manual 
method of sorting was efficient and adequate. 

1. For the past 4 years it was impractical to use 
the system. With 30,000 records it would take 25 
hours for a complete sean of any item of data. 

2. The 144 entries were inadequate for the data 
desired. 

3. The cost is high and storage is a problem. 

IBM machinery is available everywhere with a 
standard card #5081 and has the following advantages: 

1. The cards cost. only $1.25 per thousand and 
can be filed in one-third of the space. 

2. Fifty-four individual points are available for 
clinical and EEG data, but due to the feature of the 
IBM ecard that each space has, so to speak, a third 
dimension that may run from 1 to 12 in numbers, and 
from A to Z in letters, there are infinite possible 
entries as opposed to 133 on the manual eard. 

3. Complete duplication of any IBM eard col- 
lection can be made for $1.25 per thousand, so duplica- 
tion of another’s data can be done. 

4. It is possible to reproduce the basic structure 
of the clinical report as well. 

5. Since IBM ecards are standard over the world 
any system involving their use has international pos- 
sibilities for correlation and exchange of data which 
eannot be done with the manual type. 

6. Correlating data, once the IBM system has 
been set up, can be done for any. two items desired 
at the exceedingly rapid rate of 1000 cards per minute, 
and the answer typed out on a piece of paper. 

7. Problems involving the required forms by the 
staff of the hospital and laboratory are discussed. 


10. Significance of EEG pattern changes in psycho- 
pharmacology. — M. Fink, Dept. of Exper- 
imental Psychology, Hillside Hospital, Glen 
Oaks, Long Island, N.Y. 

During the past few years consistent relationships 
between the degree and type of EEG pattern and the 
type of behavioral response has been observed in 
patients receiving convulsive therapy, barbiturates, 
and anticholinergic hallucinogenic agents. These ob- 
servations led to the expression of a neurophysiologic- 
adaptive hypothesis of the mode of action of psycho- 
pharmacologie agents in the treatment of psychoses. 
This hypothesis ascribes the efficacy of these thera- 
pies to their ability to induce a persistent alteration 
in cerebral function (of which sealp EEG records are 


one reflection), which provides the basis for a change 
in the interaction of the subject with his environment. 
This report summarizes recent studies based on this 
hypothesis. 


Subjects and Methods. 


Patients in a voluntary psychiatric hospital re- 
ferred for adjunctive therapies were studied in the 
EEG laboratory. Following a routine bipolar EEG 
recording an unstructured interview was tape-recorded. 
Under continuous EEG recording, medication was then 
administered intravenously at a set rate until specific 
EEG or behavioral effects were observed. Following 
the injection, the interview was repeated. Periods of 
EEG and interview recording were alternated for the 
duration of the drug activity. 

Behavioral evaluation was based on clinical de- 
scriptions and analyses of changes in language pat- 
terns. Electroencephalograms were measured for the 
shift in dominant frequencies, changes in voltage, 
modulation, and per cent time of various frequency 
bands. 

Subjects were tested prior to and during various 
therapies (convulsive, psychopharmacologic), and 2 
to 4 weeks following the end of therapy. Pharmaco- 
logic agents studied included amobarbital, benactyzine, 
chlorpromazine, deanol, diethazine, imipramine, ipro- 
niazid, LSD-25, JB-318, JB-336, meprobamate, phenyl- 
toloxamine, promazine, and Win-2299. 


Observations: 


To date, EEG pattern changes have been classified 
according to two dimensions: shift in dominant fre- 
quencies and alteration in synchronization. The pro- 
minent patterns classified include: 

(a) Shift in dominant frequencies to delta range 
(e.g. chlorpromazine, promazine, high dose Reserpine). 

(b) Shift to fast frequencies with increased syn- 
chronization (e.g. amobarbital, meprobamate). 

(c) Desynehronization with shift to fast fre- 
quencies (e.g. diethazine, benactyzine, Win-2299, LSD- 
25). 

(d) Inereased synchronization without significant 
frequency shift (e.g. iproniazid, imipramine). 


Conclusions: 


EEG analysis provides a guide to the activity of 
psychopharmacologic agents, both for clinical and 
pharmacologic studies, and these studies support the 
neurophysiologic-adaptive hypothesis of the mode of 
action of these agents in behavioral modification. 

The non-specific nature, both of the therapeutic 
activity of newer psychopharmacologic agents and of 
hallucinogenic activity, is emphasized. 


11. The electroencephalogram in hypocalcemic syn- 
dromes. — H. H. GotpBerG, Dept. of Medicine, 
Division of Neurology, State University of New 
York, N.Y. 

Convulsive disorders and electroencephalographic 
abnormalities in hypocaleemie conditions secondary 
to postoperative, idiopathic and pseudohypopara- 
thyroidism have been described in the literature. The 
present report is a study, with particular reference 
to the electroencephalograms, of four patients with 
hypocaleemia. Three of the patients had abnormal 
resting electroencephalograms. Two of these patients 
had histories of generalized seizures. The fourth pa- 
tient had a normal resting record and did not have 
any history of seizures. The following findings are 
described in detail: 
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(1) Hyperventilation induced a marked increase 
in the electroencephalographic abnormalities when 
present in the resting record. 

(2) Intravenous administration of calcium gluco- 
nate during the electroencephalographic recordings did 
not alter the record. 

(3) Serial recordings over a 5 month period in 
one patient under therapy showed a progressive de- 
erease in the amount of electroencephalographic ab- 
normality initially seen. 

(4) A definite correlation between the electro- 
encephalogram and the serum calcium level at the time 
of the recording could not be made. 

(5) Elevation of the blood caleium by adequate 
therapy led to a subsidence of seizures. 

It is coneluded from this study and from an 
extensive review of the literature, that hypocalcemia 
represents only a single factor, among many others, 
affecting the convulsive threshold of the brain. Hypo- 
ealeemia, alone does not seem to be responsible for 
the seizures observed in these patients. 


12. Relationship of threshold and duration of sei- 
zures to degree of EEG delta activity induced 
during electroshock. — A. GREEN, Dept. of 
Experimental Psychiatry, Hillside Hospital, Glen 
Oaks, Long Island, N.Y. 


Previous studies have demonstrated a high degree 
of individual variability in the amount of delta activ- 
ity induced in the EEG during a course of electro- 
shock therapy. One of several factors considered that 
might relate to this variability in reactivity was the 
threshold and duration of the seizures. The present 
study was an investigation of this hypothesis. 

Thirty-seven patients with psychiatric illness were 
studied. Each patient had at least 12 electroshock 
treatments with the Mederaft alternating current in- 
strument. The threshold for the convulsion was deter- 
mined by increasing the voltage and duration of sub- 
threshold stimuli in predetermined steps at 20 see. 
intervals until a seizure resulted. The duration of 
each seizure was measured from the beginning of the 
tonic phase to the end of the clonic phase. An EEG 
was taken before treatment and during each week of 
treatment on a non-treatment day. The degree of 
delta change was classified as low, moderate or high 
according to criteria previously described. 

There was a significant relationship between the 
duration of the first 5 or more seizures and the amount 
of delta activity developing in the EEG during treat- 
ment. The longer the duration, the greater the degree 
of delta change. There was no relationship between 
the threshold for the initial treatment or the degree 
of rise in the threshold with subsequent treatments 
and the amount of delta activity induced. 

The significance of these results and their rela- 
tionship to the concept of cerebral reactivity will be 
discussed. 


13. Electroencephalographic findings associated with 
Sernyl infusion. — E. A. Ropin, E. D. LusBy 
and J. S. Meyer, Lafayette Clinic and Depart- 
ment of Neurology, Wayne State University, 
Detroit 7, Mich. 

Sernyl, 1-(1-phenyleyclohexyl) piperidine mono- 
hydrochloride is a new psychoactive compound which 
produces after intravenous infusion disturbances in 
thinking, affect, and body image. In higher doses 
decrease or absence of touch, pressure and pain sensa- 
tions occurred. In the highest doses tested (0.2 mg. 


per kg.) it produced a state in man which resembled 
clinically catatonic schizophrenia. 

Ten patients with a variety of psychiatric diag- 
noses and normal resting EEGs as well as 6 normal 
control subjects were tested electroencephalographical- 
ly during Sernyl infusion. EEG changes tended to 
occur with doses of 0.1 mg. per kg., usually about 5 
to 7 min. after the infusion was started. The main 
finding was that of predominant medium voltage 
theta activity which was not inhibited when the in- 
dividual had the eyes open. The psychic changes, how- 
ever, were not dependent upon EEG changes since in 
some individuals the EEG may remain unaltered in 
presence of profound alterations in thinking and de- 
personalization. There were marked individual varia- 
tions in the speed with which some normal EEGs show- 
ed disorganization and the extent of theta slowing 
which was achieved. There did not seem to be, how- 
ever, a remarkable difference in this respect between 
the patient and the control group. 


14. Medico-legal aspects of electroencephalography: 
head injury (Preliminary Survey). — D. SiLver- 
MAN, Department of Neurology, Graduate School 
of Medicine, University of Penna., Philadelphia, 
Pa. 

Three hundred and nineteen persons with head 
injury who were involved in litigation over the trauma 
had 383 EEG’s performed at the Graduate Hospital 
EEG Laboratory between June 1, 1951 and May 31, 
1958, primarily as an aid in the medico-legal evalua- 
tion of their problem. In addition to the EEG’s, the 
data gathered thus far ineludes information regard- 
ing the injury which allowed an estimate of its sever- 
ity, the presence of a fractured skull, the degree of 
symptomatology reported at the time of the EEG, 
the existence of a chronie convulsive state, neurologic 
signs at the time of the EEG, the age of the patient, 
and the time interval between the injury and the 
EEG. These factors will be considered in relation to 
the presence of an abnormal EEG and the abnormal- 
ities will be briefly described. The most impressive 
positive correlation found was between the severity of 
the injury and an abnormal EEG; for example, in 
negligible (no definite cerebral) injury there were 
only 12.8 per cent with an abnormal EEG, while in 
those with severe (major cerebral) injury, there were 
62.9 per cent with an abnormal EEG. The most im- 
pressive negative correlation was that the severity 
of the subjective symptoms at the time of the EEG 
bore no relationship to EEG abnormality. 


15. Usefulness of controlled carotid compression 
studies in the evaluation of patients with cerebral 
vascular disease. — J. McCBEeaTH and W. J. 
FRIEDLANDER, Veteran Administration Hospital, 
Boston, Mass. 

Using the observations that digital compression 
of a carotid vessel often produces either cerebral 
ischemia or carotid sinus sensitivity in individuals 
with cerebral vascular disease, some 400 patients were 
subjected to digital occlusion of first one and then 
the other carotid. 

Control EEG and EKG conditions were devised 
for this procedure and will be described. 

Results of this study showed that changes upon 
carotid compression were limited to individuals with 
cerebral vascular disease. These changes were those 
of asystole and bradyeardia from a sensitive carotid 
sinus and a group of changes from the induced cer- 
ebral ischemia. It was shown that EEG slowing char- 
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acteristically preceded any syncopal reaction and could 
be used to demonstrate the ischemic response short of 
the end point of syneope. It was shown that atropine 
could be used to block the carotid sinus effect making 
compression studies possible in this group of pa- 
tients. 

It was our conclusion that highly characteristic 
electroencephalographiec changes precede syncope in 
the induction of cerebral ischemic responses and that 
carotid sinus sensitivity can be controlled by atropine. 
By this technic, carotid compression studies have been 
demonstrated to be both a safe and statistically pro- 
ductive diagnostic measure in the study of patients 
with cerebral vascular disease. 


16. The electroencephalogram in internal carotid 
artery occlusion. — F. McDoweELtL, C. E. WELLS 
and C. EHLers, The New York State Hospital, 
New York, N.Y. 


Electroencephalograms were performed on 19 pa- 
tients having thrombosis of the internal carotid artery, 
all proved by arteriography. A total of 35 EEG’s 
were taken at periods varying from 4 days to 6 years 
after onset; in 12 the initial EEG was made within 2 
weeks after onset of symptoms. 


EEG findings of significance were: 

1. In 18 patients irregular slowing of activity 
usually confined to the side of the lesion but at times 
appearing bilaterally. 

2. In 18, prominent, focal higher-amplitude wave 
activity, usually mixed theta and delta activity, super- 
imposed on the more widespread slowing. 

3. The focal slow activity was on the side of 
circulatory insufficiency in 15, but in three it was 
found on the side opposite to the occlusion. 


4. The focal slow activity was fronto-temporal, in 
10, temporal in 4, frontal in 2, and temporo-oecipital 
in 2. 

5. In 6 patients paroxysmal discharges of higher 
amplitude theta and delta activity; in 2 they were 
focal but in 4 they were bilateral and diffuse. 

6. In 2 patients who had pneumoencephalograms, 
the record became markedly worse after the procedure. 

7. In patients followed with serial EEG’s there 
was usually slow improvement, though the EEG might 
remain markedly abnormal for many weeks. 

While these changes are in no way specific, when 
the EEG findings of focal slow wave activity on a 
background of more diffuse slowing are combined 
with clinical evaluation, ophthalmodynamometry, and 
palpation of internal carotid arteries in the pharynx, 
the diagnosis of occlusion of internal carotid artery 
can usually be made without resort to arteriography. 


17. The electroencephalogram and Rorschach test 
before and after cardiac surgery. — T. C. Bar- 
NES, B. M. Hann, R. V. DeESttverio and A. 
J. MorGAn, Harrington Research Unit, Hahne- 
mann Hospital, Philadelphia, Pa. 


Forty cardiae surgery patients were tested by the 
EEG and Rorschach test, in most cases pre and post- 
operatively, to investigate the tenfold greater in- 
cidence of serious psychosis following heart operations 
compared with other surgical procedures. Half of 
the preoperative EEGs were abnormal, demonstrating 
the value of controlled tests and confirming the 
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original observation of Berger. Candidates for aortie 
commisurotomy had more abnormal preoperative HKEGs 
than for mitral. Twenty per cent of the patients 
showed more abnormal EEGs following surgery, not 
always correlated with clinical status. EEG deviations 
from the normal included bilateral asymmetry, slow 
waves, spikes and biparietal humps. Rorschach re- 
sponses showed more anatomical forms (heart and 
chest) and blood interpretations prior to surgery. 
Flickering light produced slow waves in both pre 
and postoperative tests. Patients subjected to occlu- 
sion of carotids had no more EEG or Rorschach ab- 
normalities than others. The outstanding feature of 
the Rorschach protocols was absence of small detail 
in both pre and postoperative tests. In one _ post- 
operative case a seizure was precipitated by the 
Rorschach test. 

All operations were performed by Dr. Charles P. 
Bailey, now at Women’s Hospital, Philadelphia. 


18. Properties of paleocortical synaptic organizations 
activated by an afferent pathway. — D. P. 
PurrpurA, Department of Neurological Surgery 
College of Physicians and Surgeons, Columbia 
University, New York. 


In unanesthetized-succinlycholine paralyzed cats, 
weak, low-frequency (0.5/sec.) stimulation of  per- 
forant fibers in the subiculum evokes (3-4 msec. 
latency) depolarizing p.s.p.’s in apical dendrites of 
hippocampal pyramidal neurons and elements in the 
fascia dentata. Transmissional characteristics of the 
‘“direet temporo-ammonic’’ pathway revealed by 
paired stimuli indicate that short duration (2 msec.) 
depression of evoked testing responses following weak 
conditioning stimuli is attributable to refractoriness 
in pre-synaptic elements. With 2-20 msee. stimulus 
intervals dendritic p.s.p.’s summate smoothly; at 
longer intervals (20-200 msec.) testing responses are 
augmented. Augmented responses recorded at the level 
of the apical dendrites may not be reflected in 
(ventricular) surface potentials of opposite polarity. 
Extracellularly located microelectrodes (2-10 y) de- 
tect sharp potential gradients in the hippocampus 
chiefly during low frequency (0.5/see.) stimulation. 
With sustained repetitive stimulation (10/see.) addi- 
tional e.p.s.p.’s are initiated at more proximal den- 
dritic loci; the cumulative effects of which contribute 
to the initiation of a series of brief duration (2-3 
msec.) high amplitude (5-14 mV.) conductile dis- 
charges which typically develop on the rising phase 
or peak of the ‘‘focal’’ negativity and time-locked to 
the stimulus. The development of such discharges, 
pre-requisite for the initiation of sustained paroxysms, 
is prevented by 7 mg/kg. pentobarbital, Iv. Focal 
potential ‘‘inversions’’ occurring during or persisting 
after repetitive stimulation of perforant fibers pre- 
sumably represent synaptic activation of dendritic 
Joci not previously activated by low frequency stimuli. 
Post-seizure ‘‘depression’’ of evoked hippocampal 
responses to single afferent volleys is abolished by 
rapid repetitive stimulation. It is inferred from these 
and other data that, unlike most neocortical organiza- 
tions, ‘‘primary’’ synaptic organizations in the hippo- 
campus activated by perforant fibers are deficient 
in inhibitory elements. The latter may be involved 
in secondary effects produced by dispersion of con- 
ductile activity through additional pathways within 
and without the Ammonshorn. 
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BOOK REVIEWS 
Edited by CHARLES E. HENRY 


EPILEPSY HANDBOOK 


FREDERIC A. GIBBS and FREDERICK W. STAMPS 
Charles C. Thomas, Springfield, Illinois, 1958. 101 pp. $4.75 


This succinetly written volume succeeds admirably 
in its intention: to supply the busy general practi- 
tioner with ready answers to the problems that epi- 
lepsy presents. The introductory chapters are devoted 
to a brief elementary discussion of the nature of 
epilepsy, its causation, the types of seizures and the 
role of electroencephalography. The middle chapters 
are condensed versions of the classification of the 
epileptic disorders as proposed in the Gibbs’ ‘‘ Atlas 
of Electroencephalography’’, Vol. II, of 1952. It 
contains in capsule form their many original observa- 
tions and contributions. While this classification may 
not be acceptable to all epileptologists because of its 
mixture of clinical and electroencephalographie group- 
ings (e.g., petit mal variant epilepsy is used in an 
EEG sense while grand mal epilepsy in a clinical 
sense), it does have distinct clinical value — it at- 
tempts the difficult task of correlating clinical and 
electroencephalographic phenomena and certainly gives 


the latter more meaning to the clinician. The last 
sections are devoted to helpful hints on the dif- 
ferential diagnosis of epilepsy and on treatment. It 
is the chapter on therapy that impresses the reviewer 
most for its clinical wisdom, its clear and logical 
presentation and completeness of its content. Each 
anti-epileptic substance on the market is considered, 
with indications, dosages, toxic reactions and dangers 
for each briefly outlined. The frontispiece contains 
a handy colored illustration of the actual pills and 
capsules discussed. It is unfortunate that, in their 
effort to counteract over-enthusiastic psychosoma- 
ticists, the authors create the impression, unintended 
I am sure, that there is no place for psychotherapy. 
The problems of counseling and of status epilepticus 
are discussed, as well as the rationale for the oc- 
casional use of antibiotics, surgery, tranquillizers and, 
as recently reported for infantile spasms, ACTH. This 
is a valuable book for the general practitioner. 
DANIEL SILVERMAN, M.D. 


THE WAKING BRAIN 


H. W. MAGOUN, Ph.D 
Charles C. Thomas, Springfield, Ill., U.S.A., 1958, 138 pp., $4.75 


The history of their science is a sobering spectacle 
for Neurophysiologists intoxicated with the exuberance 
of their own virtuosity. In no other domain of human 
exploration have futile fallacies and elaborate super- 
stitions proved so durable and so elusive, even under 
the stress of technical ingenuity of the highest order. 
In the epoch of the Classical Geometers and Astro- 
nomers when the foundation of Physics were laid, 
notions about the relation of brain to body were back 
to front, inside out, upside down and the wrong way 
round, and persisted so through all the revolutions and 
reformations of science, allowed by Descartes, ignored 
by Newton and only gently rebutted by Steno and 
Willis. The reasons for our persistent prejudices and 
experimental myopia are fairly obvious — there has 
never been a high economie reward for originality in 
physiology nor even a serious penalty for incompetence. 
Steno excused his ignorance in these words ‘‘Che- 


mistry has in all ages found both private Men and 
Princes very ready to erect Laboratories: but few 
have pursued Anatomy with equal ardour. This 
neglect is not owing to Princes... But the Dissectors 
being always willing to appear compleat masters of 
this Science, never had the sincerity to own that any 
thing still remained to be known and to conceal their 
ignorance, have contented themselves with demon- 
strating what is to be found in the Writings of the 
Ancients... They that study Anatomy are generally 
either Physicians or Surgeons, who, being both obliged 
to visit their Patients, have too little time left for 
Study... But they ought not to undertake the Cure of 
a Body, the make of which they do not know, that is 
they ought not to endeavour to rectify a Machine till 
they are previously acquainted with its Nature... To 
make the necessary Inquiries for the Discovery of the 
Truth a Man’s whole time must be taken up; and 
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Professors of Anatomy, who are obliged to make 
Public Demonstrations... cannot be proper for this 
Study...’ 

Thus, in the year of the Plague, did a modest and 
inquisitive Dane foreshadow the role to be played by 
one whose whole time has in fact. been taken up in the 
Discovery of the Truth, and who, though a Professor 
of Anatomy, is surely a very proper Man to pursue 
the proper study of mankind. 

For physiologists, the names of Magoun and his 
illustrious colleagues are to the School of Sherrington 
what Einstein is to Newton. We cannot thank him 
simply for lightening our darkness but rather for 
warning us to shield our naked eyes from the searing 
fireball of truth-to-be. Perhaps at some time there 
were those who hoped that by some smooth process of 
extrapolation from Sherrington’s decapitated cats 
through Pavlov’s dribbling dogs, understanding of 
ourselves might emerge. But somewhere in the woods 
of the neck the straight road was lost, and where we 
sought a firm foothold we found a nightmare tangle 
of undergrowth and creepers. At last the brain is 
awakening and one by one the conceptual ambiguities 
and experimental paradoxes are dissolving to reveal a 
new order of complexity aud fresh challenges to tech- 
nical ingenuity and clear thinking. | 


The Waking Brain echoes and answers this chal- 
lenge, rallying in one cohort the inspiration of Bremer, 
who by the simple touch of genius shifted attention 
from below a spinal transection to above it, the per- 
tinacity of Moruzzi who embodies the dazzling tradi- 
tion of Italian experimental Physiology and the broad 
perspective of Jasper who unites the disciplines of psy- 
chology, neurology and physiology in systematic 
alliance. The title of this collection of lectures, given 
under the auspices of the Salmon Fund before the New 
York Academy of Medicine in 1957, is itself a firm 
though courteous defiance of the classical tradition in 
physiological research which required that functions 
be isolated for study as if they were chemical elements 
or rules of grammar. Even the sober rebel Steno 
glossed over this difficulty — “‘‘As the Brain is a 
Machine... we have no way left but to take it to 
pieces, and to consider what every part is capable 
of in a separated and an united state.’’ This last 
phrase is the tough one, as Steno implied in his scorn 
of ‘‘the Dissectors’’. But it is only recently that with 
the moral support of mathematicians and the practical 
aid of engineers, physiologists have felt confident 
enough to admit that they are studying systems that 
eannot be taken to pieces, in which the capacities of 
the parts in a united state cannot be considered as 
the compound of their separate actions. 

With characteristic modesty and humour, Magoun 
passes over the great technical difficulties that have 
been overcome to attain this position, and reviews with 
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admirable selectivity the various phases of the neuro- 
physiological revolution that has been going on for 
the last twenty years. After summarizing the re- 
grettable but illuminating history of neuro-anatomy 
and experimentation there are condensed but crystal- 
clear appreciations of the studies of the parapyramidal 
and paralemniscal systems and their relation to the 
brain stem and thalamic reticular structures. The 
classical theories of posture and perception so long the 
bane of academic teachers and students, so remote 
from clinical or everyday reality have now assumed a 
fresh aura of verisimilitude. We can conceive of the 
Animal Actions more as the ancients dreamed we 
might, less as a rigid functional framework to be used 
by the mind — more as the dimensions whose changes 
are the mind. The central modulation of motion and 
the phrasing of perception in a balanced counterpoint 
of blockade and admittance gives to the strict mea- 
sures of reciprocal innervation and the hierarchy of 
centres just that touch of melody and expressiveness 
that we missed in the scientific work of Sherrington 
but glimpsed in his poetic imagery and personal in- 
spiration. 

From this review Magoun passes to consideration 
of neuroendocrine interaction, where again the clas- 
sical thesis of animal electricity and the antithesis of 
humoral influence find a new synthesis which is not 
only aesthetically more satisfying but experimentally 
more manageable than the sterile controversies of the 
older generation. 


Having sketched in bold outline these essential 
foundation, the scene is set for the main subject, the 
physiological basis of emotion and attention. Here the 
general reader could wish for a more detailed treat- 
ment, though of course the original works quoted 
in profusion can always be referred to. It is tan- 
talizing to catch glimpses of an experimental phys- 
iologist considering the notion of reciprocal adjacent 
half-centres for pleasure and pain, without ever quite 
facing the fundamental issues they imply. Many 
questions are left not merely unanswered but un- 
defined — if an animal with implanted electrodes con: 
tinues to stimulate itself hundreds of times in an hour, 
what experiment should be performed to decide 
whether such iterative autism is in any useful sense 
‘‘pleasant’’ or merely a self-sustained oscillation 4 
If stimulation of one region of the brain produces 
the replica of pleasure and of another one that of 
pain, what happens when both are stimulated at 
once ? In some experiments with human beings the 
answer seems to be — rage. But is this the ‘‘sham 
rage’’ of the physiologist or a full dose of anger ? 
Can we in fact conceive of the shades of action and 
feeling as a vectorial addition of primary neural 
hues defined in units of brain topology and electro- 
chemical reaction? Is this not the central implicit 
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hypothesis of contemporary neurophysiology ? But 
Magoun will not raise the stakes that high, though 
some may feel that he is holding a royal straight 
flush. 

Naturally the most authoritative and confident 
section of this book is that also probably too short 
for the comfort of the uninitiated — dealing with the 
alerting and activating functions of the reticular 
formations. The plurality of these structures — 
forecast from first principles of general learning 
theory some years ago — is now assured. We must 
envisage not only centripetal and centrifugal con- 
trols, but also cortico-reticular and _ reticulo-cortical 
ones: even separate but interlaced sub- 
serving respectively the needs for diffusion in space 
and extension in time of afferent and efferent sig- 
nals, the non-specific general Alert ! and the specific 
but conditional Attention ! Such complexity is at the 
very edge of the conceivable for it is not the number 
of systems we have to consider but the almost 
innumerable modes of their interaction. Nevertheless 
this is the scale of the problem and we must accept 
it if our curiosity about our mentality is more than 
an idle whim. 

The last two sections are concerned with more tech- 
nical matters, first the peculiar paradoxes that sur- 
round neuropharmacologie analysis of central activity, 
the role of adrenergic and cholinergic compounds with 
their somatic as well as central effects. Last, the 
relation of cortical activity to the phenomena of 
wakefulness, attention and learning are considered 
with critical but constructive comments on the im- 
mensely varied details of experimental procedure. In 
all such treatments one of the most confusing features 
is the sudden switch of interest from one species of 
animal to another and from a severely mutilated pre- 
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paration to truly organismie observation. It might 
have been better if these rather technical chapters 
had preceded those containing more theoretical and 
philosophical allusions. One of the most obvious ne- 
cessities for further progress is a systematic com- 
parative psycho-physiology, from protozoa to primates. 
In the great laboratories of the Soviet Union this 
colossal task has already been started but it would 
be sad if such basic studies were left entirely to the 
heritage, in 


direct beneficiaries of the Pavlovian 


which Western scientists also have a modest share. 


Even before these great investigations are un- 
dertaken however, we must make sure that our hypo- 
theses are rigorous and our technical interpretations 
are secure. This is not yet the case; heated arguments 
are still to be heard in the Conference room about the 
definitions of fundamental terms and the description 
of objective records. What is the Orienting Reflex ? 
What do you mean by an Activation Pattern ? Even 
in their original tongue such phrases have almost as 
many meanings as there are laboratories, and trans- 
lated into French or Russian the absence of a gerund 
or the omission of a definite article can turn a scien- 
tific discussion into a parody of theological dispu- 
tation. 


For those who have responsibility for scientific 
education as well as private curiosity about natural 
phenomena this book is a special boon; it is an 
admirable primer for the advanced Seminar for it 
contains more than the meaningless palindromes of 
textbook neurophysiology — it foreshadows the true 
paradigms of behavioural inflexion. From the utilita- 
rian standpoint it is a pity that the admirable biblio- 
graphy is not complemented with a subject index. 


W. GREY WALTER. 


ELECTRONIC INSTRUMENTATION FOR THE BEHAVIORAL SCIENCES 


CLINTON C. BROWN and RAYFORD T. SAUCER 
Charles C. Thomas, Springfield, Illinois, 1958, 160 pp. $5.50 


Very few books have appeared covering the field 
of electronic instrumentation applied to the behavioral 
and medical sciences. The pressing need for a com- 
prehensive but elementary work which could be used 
as a source book for the experimentalist and as a 
textbook for the student may result in the wide circula- 
tion of the work under review. At the outset it must 
be said that it is quite unsuited to students of any 
level. The authors, in their eagerness to provide a 
palatable approach to electronic theory have intro- 
duced so many errors and misconceptions that it is 
hardly possible to catalogue them. One is inclined 
to suspect even that the authors have only a limited 
appreciation of their subject and it is to be hoped 
that in the event of their book falling into the hands 
of engineers, physicists or educators, that it will not 
be taken as representative of the standard of technical 
attainment in the biological sciences. No doubt much 
of the trouble arises from a commendable desire to 
simplify the presentation as much as possible. The 
omission of such absolutely basic concepts as Kir- 
choff’s Laws and the attempt to consider impedance 
without any mention of vectors — to mention only two 
of the many notable omissions — may have been well 
motivated but cannot be excused. Furthermore, 
popularization need not lead to inaccuracy as has been 
shown in the many excellent elementary texts which 
cover the principles of radar and which are used in 
the armed forces. 

The following samples from the chapters on elec- 
tronic ‘‘theory’’ will serve to indicate the general 
level: ‘‘The ohm, watt, henry, ampere, volt are re- 
presentative of relatively enormous amounts of ener- 
gy’’ (p. 9). ‘It is important to remember that 


steady potentials do not flow thru a condenser’’ (p. 
10). ‘*The secondary then draws a current equal to 
Es/Is from Ohms law’’ (p. 15). 

The publishers draw special attention to the 
chapter on transistor theory and application stating 
that this represents ‘‘the only such discussion to be 
found in current professional literature’’. It is to 
be hoped that they are correct in this assertion. The 
reader will be much confused by the figure (p. 131) 
which purports to show the connections to a junction 
transistor. The collector supply is reversed which may 
account for the statement: ‘‘an attempt to pass cur- 
rent from a battery through the resulting junction will 
produce very peculiar results’’ (p. 129). It is dif- 
ficult to accept the authors’ view that the three com- 
mon configurations for the junction transistor have 
input and output impedances very similar to those of 
their vacuum tube prototypes (see page 134). 

When a critic is compelled to deal harshly with 
a book it is conventional and proper to seek out some 
saving graces and praise the superficialities of the 
presentation. Alas, this reviewer is unable to find 
the thinnest sugar coating for an unusually bitter 
pill. The illustrations are not well drawn at least 
one is incomplete — and several of the circuits would 
not work if duplicated. There are numerous signs of 
woefully inadequate proof reading, for example, ref- 
erences to components not shown in the figures, mis- 
placed subscripts and frequent use of the word 
‘“oseilliscope’’. 

As a final annoyance to the reader, the authors 
provide an unrepresentative and incomplete appendix 
listing sources from which apparatus and equipment 
H. W. SHIPTON 


may be obtained. 
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